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node (NV), 14 week old B ull Terrier (dog 1) 
an d  3 y ear old Bull Terrier (dog 7).
Follicles a n d  cortex of (a) no rm al can ine  
lym ph node an d  of (b) 14 week old B ull 
Terrier.
Follicles a n d  cortex of (a) norm al can ine  
lym ph node and  of (b) 14 week old B ull 
Terrier sta ined  w ith CD8a.
Follicles a n d  cortex of lym ph node in  14 week 
old Bull Terrier sta ined  w ith (a) CD5, (b) CD4 
an d  (c) CD8a.
Cortex of (a) norm al canine lym ph node a n d  
of (b) 2 .5  year old Bull Terrier s ta in ed  w ith  
CD5.
Staining of follicles an d  superficial cortex in  
lym ph node of 2 .5  year old Bull Terrier w ith  
(a) CDS, (b) CD4 an d  (c) CD8a. Follicles are  
poorly defined.
Mixed cell infiltrate in  grossly no rm al sk in  in  
11 m o n th  old Bull Terrier. Note (a) sca tte red  
CD4+ T-lym phocytes a n d  (b) CD8a+ T- 
lym phocytes in  epiderm is a n d  u p p e r derm is.
Percentages of peripheral blood cells positive 
for Panel 2 antibodies in  4 Bull Terriers.
Percentages of peripheral blood cells positive
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for Panel 2 antibodies in  dog 3 a t different 
ages.
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S u m m ary
This th es is  is a  s tudy  of th e  application  of m onoclonal leukocyte 
antibodies to cu tan eo u s lym pho-histiocytic d iso rders in  th e  dog. 
M onoclonal an tibodies have been  widely applied  to s tu d ies  in  m an  
a n d  roden ts , b u t u n til recently  th e  utilization  of m onoclonal 
an tibodies in  the  dog h a s  been  restric ted  to a  very sm all n u m b e r of 
m arkers. In the  p a s t few years, som e antibodies d irected  a g a in st 
h u m a n  leukocyte an tigens an d  antibodies ra ised  ag a in st in te rn a l 
peptide sequences in  h u m a n  an d  m urine  leukocytes have been  
show n to c ro ss-reac t w ith  can ine tissue . In addition, m onoclonal 
leukocyte an tibodies specifically ra ised  ag a in st can ine  leukocyte 
an tigens have been  produced  an d  assigned  to C lu ste rs  of 
D ifferentiation corresponding to the  h u m a n  classification. Som e 
an ti-h u m a n  a n d  an ti-m ouse  m onoclonal an tibodies, a s  well a s  a  
n u m b er of can ine m onoclonal antibodies, have been  u tilised  for 
flow cytom etric analysis.
In Section I, C hap ter 1, the  lite ra tu re  on leukocyte su rface  m ark e rs  
an d  the  im m une system  in  general is reviewed a n d  in  C hap te r 2 
the  m ateria ls  an d  m ethods are  detailed.
Investigations on norm al can ine cells a re  described  in  Section n.
A to ta l of tw enty  m onoclonal leukocyte antibodies, 15 an ti-can in e  
an d  5 a n ti-h u m a n  leukocyte antibodies, were available for u se  on 
can ine  tissue . Seven of the  an ti-can ine  m arkers  were u n su ita b le  in  
the  Glasgow University V eterinaiy  School im m unoh istochem istiy  
system  an d  were excluded from fu rth er stud ies . The rem ain ing  13 
m onoclonal leukocyte m ark e rs  were verified on no rm al can ine  
tissu e  an d  a  norm al sta in ing  p a tte rn  w as identified for each  
m ark e r a s  repo rted  in  C hap ter 3. These m ark e rs  co n stitu ted  Panel 
1. Three of these  m arkers  (THY-1, CD4 a n d  CD8a) together w ith  
two add itional B-cell m arkers (CVS31 a n d  CVS32) co n stitu ted  
Panel 2 w hich  w as u sed  in  flow cytom etry a s  described  in  C hap ter
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4. A range of norm al va lues w as estab lished  for all five m arkers. 
The an ti-can ine  an tibodies were new  an tibodies p resen ted  in  the  
C anine Leukocyte Antigen W orkshop 1993, while th e  a n ti-h u m a n  
an tibodies were know n to cross-reac t w ith o ther an im al species, 
b u t no d a ta  were available in  the  dog.
The two panels of m onoclonal an tibodies were su b seq u en tly  
u tilised  for im m unohistologic sta in ing  of pa raneop lastic  an d  
neoplastic  d isorders (Section m), chronic cu tan eo u s in flam m ation  
(Section IV) an d  a n  im m unodeficiency d isorder (Section V).
C hap ter 5 describes the  application  of leukocyte an tibod ies to 
sam ples from 19 dogs, m ainly collies, affected by histiocytic 
derm atoses. A variety of these  cu tan eo u s d iso rders h a s  been  
described  in  the  dog as  well a s  in  m an. Lesions c an  range  from 
g ranu lom atous inflam m ation, w ith  predom inantly  a  m ixed cell 
population , to neoplasm s, w ith a  m onocy te/m acrophage lineage. In 
th e  dog, a s  in  m an, these  d iseases are  described a s  ra re  w ith the  
exception being cu tan eo u s histiocytom a w hich is a  com m on 
neop lasm  of young dogs. Lesions from the  19 dogs available for 
th is  s tu d y  were classified in to  th ree  d istinc t g roups on th e  b asis  of 
the ir different histological a n d  i m m unohistological fea tu res. 
Sam ples from six dogs were classified a s  g ran u lo m ato u s 
inflam m ation. The infiltrate w as com posed of a  variety  of cells, th e  
m ajority of w hich were positive for T- or B-cell m ark e rs , b u t 
m acrophages an d  granulocytes sta in ing  positively for MAC387 an d  
lysozyme were also p resen t. No fu rth e r im m unopheno typ ing  w as 
carried  o u t on these  cells because  CD4 an d  CD8a an tibod ies were 
effective only on c iyosta t sections. Lesions from eight dogs, 
charac terised  by vasculopathy , vascu litis an d  a  perivascu la r 
infiltrate were classified a s  lym phom atoid g ranu lom atosis . 
Im m unohistologically, the  m ajority  of the  cells s ta in ed  positively for 
CD3. M acrophages and  granulocytes positive for MAC387 a n d  
lysozyme an d  B-cells, m ainly positive for CD79a, w ere also found.
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Sam ples from five dogs were classified a s  h istiocytosis on the  b asis  
of an  infiltrate com posed of m ostly h istiocytes w ith  only a  few 
lym phocytes an d  granulocytes. The lack  of m ore specific 
m acrophage/m onocy te  m arkers p rec luded  th e  identification of a  
significant p roportion  of the  large ro u n d  cells p resen t a s  p a r t  of 
th e  infiltrate  of th ese  histiocytic d isorders.
Lym phom a (C hapter 6) is one of the  m ost com m on neop lasm s in  
th e  dog; clinical signs an d  therapy  have been  widely d iscu ssed  
th ro u g h o u t the  years. In com parison to s tu d ies  of h u m a n  
lym phom a, few im m unohistologic s tu d ies  have been  carried  o u t to 
im m unophenotype lym phom as in  the  dog. In  th is  thes is , sam ples 
from 35 dogs w ith  lym phom a an d  one dog w ith leukaem ia  were 
sta in ed  w ith  leukocyte m arkers. The solid tu m o u rs  w ere exam ples 
of e ither cu tan eo u s (non-epitheliotropic a n d  in traepithelial) or 
m ulticen tric  lym phom a. All cases of epitheliotropic lym phom a/ 
m ycosis fungoides were positive for T-cell m arkers  w ith  the  
m ajority  of the  cells being CD8a+. The m ajority  of the  non- 
epitheliotropic lym phom as w as also positive for T-cell m arkers , b u t 
CD4 w as the  m ain  phenotype. Loss of CD5 an d  CD45RA an tigen  
w as no ted  in  all c u ta n eo u s  lym phom a. Only one of the  cu tan eo u s , 
non-epithelio tropic lym phom as, w as positive for B-cell m arkers. 
These findings confirm ed th a t the  m ajority  of c u ta n eo u s  
lym phom as, in  the  dog, are  of T-lineage a s  in  m an. Nine cases of 
m ulticen tric  lym phom a were included in  th is  s tu d y  a n d  were 
classified, according to the  u p d a ted  Kiel classification, as 
lym phoblastic lym phom as w ith a  diffuse p a tte rn . S ta in ing  w ith  
leukocyte m onoclonal an tibodies show ed th a t  six m ulticen tric  
lym phom as were of T-cell origin while th ree  were com posed of 13- 
cells. The lym phoid leukaem ia  also proved to be of B-cell origin. 
Recently, im m unohistologic s tud ies  have been  carried  o u t on 
generalized deep pyoderm a an d  on a n a l fu runcu losis . Deep 
pyoderm a is a  com m on cu tan eo u s chronic d isorder in  the  dog an d
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ten d s to be secondary  to a  variety  of predisposing  causes. It c an  be 
generalized to th e  whole body surface or localised to a  p a rticu la r 
a re a  a s  in  ch in  pyoderm a a n d  a n a l fu runcu losis . G erm an 
S hepherd  Dogs seem  to be predisposed . In the  clinical pyoderm a 
cases exam ined in  th is  project (C hapter 7), the  m ajority of th e  T- 
cells w as positive for CD8a, the  cytotoxic phenotype. The CD4:CD8 
ratio , in  the  periphera l blood population , w as altered  confirm ing a  
predom inance of CD8a+ lym phocytes in  m ost cases.
C hap ter 8 describes the  sta in in g of ten  an a l fu runcu lo sis  cases in  
w hich lym phoid follicles in  the  derm is were form ed by a  m an tle  
zone positive for T-cell m arkers a n d  a  cen tre  positive for B-cell 
m arkers. No p redom inance of CD8a+ cells w as no ted  in  these  
tissu e  sam ples a lthough  flow cytom etry revealed th a t the  CD4:CD8 
ratio  w as a ltered  in  an a l fu runcu lo sis  a s  in  pyoderm a.
C hap ter 9 describes le tha l acroderm atitis , an  au tosom al recessive 
d isorder occuring in  Bull Terriers. In early reports, a  red u c tio n  of 
cells in  the  lym phoid tis su es  w as no ted  a n d  therefore a  suggestion  
of im m unodeficiency w as m ade. In th is  p resen t study , re su lts  
ind icated  th a t  there  w as bo th  loss of an tigens and  depletion of cells 
in T-lymphoid a reas , an d  th a t the  loss of an tigens w as g rea ter th a n  
the  a c tu a l depletion of cells in  B-lym phoid areas. In periphera l 
blood, the  percen tages of B-cell an tigens were norm al suggesting  
th a t  T-cell im m unity  is affected directly a n d  th a t the  involvem ent of 
B -lym phocytes in  the  tissu e  is secondary  to effects on th e  T-cells. 
C hap ter 10 con ta in s a  general d iscussion . It w as concluded  th a t  
leukocyte m onoclonal an tibodies are  applicable to can ine  tissu e  
a n d  periphera l blood cells an d  th a t  they  a ss is t in  the  
im m unophenotyping  an d  diagnosis of cu tan eo u s lym phohistiocytic 
d isorders in  th e  dog.
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GENERAL INTRODUCTION
M onoclonal leukocyte an tibodies have been  applied  to s tu d ie s  in  
h u m a n s  a n d  ro d en ts  for a  n u m b er of years. C lassification of 
lym phohistiocytic d iso rders in  m an  becam e m ore im p o rtan t w hen 
it w as clear th a t  individual p a tien ts  affected by d iseases su c h  as 
non-H odgkin’s lym phom a p resen ted  a  different n a tu ra l cou rse  an d  
survived tim e even w hen n o t receiving trea tm en t. W ith th e  adven t 
of new, m ore soph istica ted  therap ies, the  requ irem en t for clinically 
re levan t h istological classification a n d  m ore accu ra te  d iagnosis an d  
prognosis ra ised  the  need  for new  investigative techn iques. 
Im m unohistology w as developed w ith  the  in ten tion  of phenotyping  
the  leukocytes a n d  in  h u m a n  m edicine w as soon in troduced  a s  a  
diagnostic in s tru m e n t in  con junction  w ith  conventional histology. 
It is well know n th a t  T- a n d  B -lym phocytes c an n o t be 
d istingu ished  by conventional histology; the  u tilization  of leukocyte 
m ark e rs  overcam e th is  problem  an d  also enabled  th e  sub type  an d  
grade of m a tu ra tio n  of the  leukocytes to be stud ied . S ubsequently , 
m onoclonal m ark e rs  were applied  to s tu d ies  in  o ther species su c h  
a s  pig, sheep  a n d  cat. Later, investigations utilizing a n ti-h u m a n  
a n d /o r  an ti-m ouse  an tibodies cross-reacting  w ith  can ine  tissue , 
were carried  o u t on the  dog. More recently, an ti-can ine  m onoclonal 
an tibod ies have been  developed an d  assigned  to a  “C luster of 
D ifferentiation” corresponding  to the  h u m a n  classification. Only a  
few m onoclonal an tibodies have been  u se d  so far in  th e  s tu d y  of 
can ine  neoplasm s, pa raneop lastic  d isorders a n d  chronic cu tan eo u s 
inflam m ation  by a  sm all n u m b er of au th o rs . The aim  of th is  th esis  
w as, utilizing a s  wide a  range of leukocyte m ark e rs  a s  possible, to 
charac te rise  the  cell popu lation  a n d  determ ine th e  pheno type of 
infiltrating  cells in  lym phom a, histiocytic derm atoses, chronic 
c u ta n eo u s  inflam m ation  a n d  le thal acroderm atitis  in  the  dog. 
U nfortunately , a lthough  specific an ti-can ine  leukocyte an tibodies
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are  now  available, the  choice of m arkers is cu rren tly  still re s tric ted  
to a  sm all num b er, in  c o n tra s t to the  g rea t variety  of a n ti-h u m a n  
m ark e rs  w hich  exist. A to ta l of tw enty two leukocyte m ark e rs , 
seven of w hich were considered  u n su itab le  an d  su b seq u en tly  
d iscarded , were u tilised  in  th is  thesis . The rem ain ing  fifteen 
m arkers, a fter verification on  no rm al can ine tissue , w ere divided 
in to  two panels, Panel 1 for im m unohistology a n d  Panel 2 for flow 
cytom etry. After the  p a tte rn  of norm al sta in ing  for P anel 1 
an tibod ies a n d  a  range of no rm al values for Panel 2 an tibod ies 
were estab lished , the  two panels were applied to v a rio u s 
lym phohistiocytic d isorders in  th e  dog. C ases of p a ran eo p lastic  a n d  
neoplastic  d isorders (Section m) su ch  as  lym phom ato id  
granu lom atosis, h istiocytosis, m alignan t h istiocytosis a n d  
lym phom a, chronic cu tan eo u s inflam m ation (Section IV) a n d  
im m unodeficiency (Section V) i.e. le tha l acroderm atitis  w ere 
selected for th is  study. Histological classification of the  lesions a n d  
the  im m unophenotype of th e  cells will be fully described  a n d  
d iscussed  for each  d isorder in  the  above m entioned sections.
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SECTIO N I
INTRODUCTION , R EVIEW  OF THE LITERATU RE , 
M ATERIALS AND METHODS
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CHAPTER 1. REVIEW OF THE LITERATURE
1.1. Introduction
Investigation into im m unological d isorders requ ires an  
u n d e rs tan d in g  of th e  m echan ism s of the  im m une response; the 
developm ent an d  activation  of the  participating  cells, how  an tigens 
a re  recognised a n d  p rocessed  an d  the  cell in te rac tions necessary  
for th e  p roduction  of the  effector cells an d  antibodies.
The im m une system  is the  h o s t’s defence ag a in st invasion by 
infectious organism s. This defence depends on th e  im m une 
resp o n se  w hich is a  series of cellu lar an d  m olecular in teractions 
leading  to the  p roduction  of globulin m olecules (antibodies) a n d /o r  
effector cells w hich possess  stereo-chem ical s tru c tu re s  (binding 
sites) capable of reacting  w ith  the  original s tim u lu s  (antigen) and  
lim iting any  dam age it m ight cause.
Lym phocytes a n d  histiocytes, a s  well a s  an tigens a n d  antibodies, 
a re  com ponen ts of th e  im m une system . The aim  of th is  project is  to 
es tab lish  w hether m onoclonal leukocyte an tibodies d irected 
a g a in st h u m a n  or m urine  cell an tigens are applicable to canine 
tis su e  an d  to evaluate  newly developed an ti-can ine  an tibodies in 
investigations of various lym phohistiocytic d iso rders in  the  dog.
This ch ap te r provides background  inform ation on the  s tru c tu re  
a n d  function  of cell su rface  an tigens a n d  the ir term inology. It 
in c ludes a  b rief review  of m ethods u sed  to s tu d y  th ese  m olecules 
a n d  c u rre n t knowledge of the ir occurrence a n d  im portance in  cells 
of th e  im m une system . The em phasis is on th e  role of the  various 
cell types in  im m unology of m an  an d  roden ts since the  m ajority  of 
re sea rch  to da te  h a s  been  conducted  in these  species. It is only 
now, w ith the  adven t of cross-reacting  a n d  specific an ti-can ine  
reag en ts  th a t  su c h  s tu d ies  can  be applied  to th e  dog a n d  previous 
a ssu m p tio n s  tested .
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1.2. Cell Surface Molecules
The su rface  of every cell consists of n u m ero u s p ro teins im m ersed  
in  two layers of fluid lipids. These in tram em brane  an d  
tran sm em b ran e  polypeptides an d  glycoproteins are  antigenic, i.e. 
they  stim u la te  a n  im m une response  w hen  inoculated  in to  a  
different (xenogenic) individual. Different cell types carry  different 
cell su rface  m olecules w hich in  m any  cases a re  specific for th a t 
cell’s function  a n d  stage of developm ent. Knowledge of the  
s tru c tu re  an d  function  of these  different cell surface an tigens 
co n trib u tes  to the  u n d e rs tan d in g  of the  cell’s function  an d  over the  
la s t th ir ty  years m any  s tud ies  [Barclay et al., 1993] have been  
u n d e rta k e n  to identify the  surface m olecules of cells involved in  the 
im m une response, particu larly  those found on  lym phocytes an d  
m acrophages.
In th e ir succinc t review of the  analysis of the  leukocyte cell surface, 
B arclay an d  o thers [1993] note th a t u n til th e  early 1970s there  
were few usefu l techn iques for the  analysis of cell su rface 
m olecules. Early s tu d ies  on sim ple cell m em branes su c h  a s  those 
of th e  h u m a n  red  cell h ad  depended on electron m icroscopy an d  
radiolabelling. It w as the  publication  by Singer an d  Nicholson 
[1972] of the  concept of a  fluid cell m em brane w ith  p ro te ins free to 
m ove in  the  lipid bilayer w hich proved a  tu rn in g  po in t in  the  
analysis  of com plex cell m em branes. Solubilisation of the  
m em brane  m olecules by detergen t w as th e  b asis  of early 
purification  m ethods an d  ultim ately  led to the  developm ent of 
refined electrophoresis techn iques for pro tein  separa tion . However, 
th e  u se  of de tergen ts h a d  th e  d isadvantage th a t  biological activity 
w as lost and , in  som e in stan ces  the  m olecule w as dam aged. The 
developm ent of affinity chrom atography  in  the  late  1960’s, 
particu la rly  u sing  p lan t lectins to b ind  cell su rface  glycoproteins, 
w as a  key elem ent in  successfu l purification of leukocyte an tigens.
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B arclay an d  colleagues [1993] also describe how  the  su b seq u e n t 
developm ent of the  serological app roach  to cell su rface an tigens 
depended  on inb red  s tra in s  of roden ts for the  p roduction  of 
alloantigens. These an tigens w hich  are  iden tical betw een s tra in s  
a n d  therefore non-im m unogenic in  these  an im als allow the  
recognition of single m olecules w ith in  a  com plex background  of 
o ther m olecules by the  p roduction  of alloan tisera. Cells from one 
s tra in  of m ouse  are  u sed  to im m unise  a  m ouse from an o th e r s tra in  
w hich differs only in  a  polym orphic de te rm inan t of a  single antigen . 
Cytotoxicity a ssay s  were u tilised  in  these  early  s tu d ies  a n d  a  
n u m b er of ro d en t lym phocyte an tigens, su c h  a s  THY-1, CD5 a n d  
CD8a, were discovered w hich w ere im portan t in  d istingu ish ing  
lym phocyte se ts  a n d  revealing th e  existence of su b se ts  [Lubaroff, 
1973; Fabre & M orris, 1974; Raff, 1971; Kisielow e ta l ,  1975].
However, a s  B arclay and  co-w orkers [1993] em phasise , a  n u m b er 
of difficulties rem ained . For exam ple, the  cytotoxicity a ssay  a s  a n  
‘all or none ' phenom enon  is no t readily  quantified  a n d  it c an n o t be 
u se d  in  com bination  w ith detergen ts because  even traces  of 
de tergen t can  induce  cell death . Q uantitative serology progressed  
w ith  the  adven t of an tibodies to F(ab ’)2  fragm ents a n d  th e ir 
application  in  ind irect b inding assays. Purified F(ab ’)2  an tibodies 
give sa tu ra te d  binding  a n d  avoid the  problem s of b inding by Fc 
recep tors. Previous binding s tu d ies  u sing  anti-Ig antibodies failed 
to give sa tu ra te d  binding because  of in te rac tions of th e  Fc regions 
of an tibod ies purified  by affinity chrom atography. B inding a ssay s  
were found to be possible in  th e  p resence  of de tergen ts if 
g lutaraldehyde-fixed cells were u sed . A quan tita tive  biochem ical 
app roach  to th e  cell su rface w as now  possible.
The m ajor problem  encoun tered  w ith th is  app roach  w as the  
p roduction  of specific an tibodies because  the  u se  of alloan tigens is 
restric ted  to experim ental an im als w hich can  be inbred . W hen 
im m unisa tion  is m ade acro ss a  species barrier, all cell su rface
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m olecules are  po ten tia l allergens. To avoid the  possibility of raising  
a  com plex m ix ture  in  the  a ttem p t to produce a n  antibody  against 
a n  unkn o w n  cell surface m olecule it w as necessary  to p repare  a  
p u re  an tigen . This problem  w as solved in  p a rt by the  u tilisa tion  of 
ad so rb ed  x en o an tisera  to try  to identify a n d  purify an tigens by 
inh ib ition  assays.
This difficulty w as finally overcome by the  p roduction  of m onoclonal 
an tibod ies (mAb). Key articles cited by B arclay a n d  o thers [1993] 
a re  th e  d iscussion  of th e  hybridom a m ethod  as  a  m eans of 
p roducing  antibodies of 'p redeterm ined specificity* [Kohler & 
M ilstein, 1975] a n d  the  ‘shotgun* technique w hich reveals new  cell 
su rface  m olecules while resolving the  com plexities of xenogeneic 
im m un isa tions [Williams et a l, 1977]. M onoclonal leukocyte 
an tibod ies are  p roduced  from p lasm a cell clones; deriving from a  
single clone they  are  im m unochem ically identical an d  they  react 
only w ith  the  specific epitope on the  an tigen  aga in st w hich they 
w ere raised . The original m ethod produced  only m ouse 
im m unoglobulins (Igs); b u t la ter it w as also possible to produce 
m Abs from  o ther m am m alian  species. M onoclonal an tibodies have 
been  u se d  widely in  im m unological research  because  they  are 
specific for a  single epitope, they  can  be p roduced  in  large 
q u an titie s  an d  since they  can  be highly purified they  can  also be 
s ta n d a rd ise d  [Barclay et al., 1993, Tizard, 1992]. B inding serology 
w as now  essen tia l because  the  u se  of a  single an tibody against a  
single epitope is u sua lly  ineffective in  a ssays su c h  a s  cytotoxicity 
[Barclay e t al., 1993].
In  th e ir  review B arclay a n d  o thers [1993] describe how  flow 
cytom etry  facilitated  the  s tu d y  of leukocyte an tigens a n d  the  
ch arac te risa tio n  of new  antibodies. Flow cytom etry developed in  the  
1970s [Bonner et a l , 1972]. The flow cytom eter w as invented  a t the  
en d  of the  50s by Coulter a s  described by Tizard [1992] a n d  Lawry 
[1995]. A su sp en sio n  of cells w as pum ped  th rough  a  veiy  fine tube
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in  o rder to a rrange  the  cells in  a  single file so th a t they  could be 
de tected  by a  light beam . M easurem ent w as based  on changes in  
electrical im pedance. It w as possib le  to detect the  cell’s size, surface 
ro u g h n ess  a n d  in te rn a l complexity. Subsequently , the  u tilisa tion  of 
an tibod ies conjugated  w ith a  fluorescen t dye m ade possible the  
d istinc tion  of a  cell subpopu la tion  w ithin  the cell su spension . Two 
fluo rescen t dyes could be u se d  a t  th e  sam e tim e. The fluorescence- 
activa ted  cell so rte r (FACS) w as developed from the  flow cytom eter. 
The FACS can  d istingu ish  cell su b p o p u la tio n s th rough  th e ir cell 
su rface  fluorescence or the ir size [Lawry, 1995; Tizard, 1992]. 
M onoclonal an tibodies are preferred  to polyclonal an tibodies in  flow 
cytom etry  because  they do n o t give background  problem s [Barclay 
et a l ,  1993].
F u rth e r  s tu d ies  w ith m onoclonal an tibodies directed ag a in st cell 
su rface  m olecules were aim ed a t  investigating the  p a tte rn s  of 
reactiv ity  of the  antibodies a n d  the  functional effects of the  
correspond ing  antigen. As no ted  by Male an d  o thers in  their 
overview of the  im m une system  [1993] analysis of su c h  ‘m ark e rs’ 
h a s  led  to a  be tte r u n d e rs tan d in g  of bo th  the  lineage of different 
popu la tions of leukocytes a n d  the  developm ental stages of different 
cell types. Five W orkshops on h u m a n  leukocytes have been  held 
betw een 1982 (First In terna tional W orkshop on H um an  Leucocyte 
D ifferentiation Antigens, Paris) a n d  1995 (Fifth In terna tional 
W orkshop a n d  Conference on  H um an  Leukocyte D ifferentiation 
A ntigens, Boston) [Schlossm an et a l,  1995]. The first w orkshop 
co n cen tra ted  on the  differentiation an tigens th a t h a d  a n  highly 
re s tric ted  expression  su ch  a s  an tigens of the  T-cell lineage [Bernard 
et a l ,  1984]. Labelling of h u m a n  leukocyte cell surface an tigens by 
flow cytom etry h a s  been  th e  b as is  for grouping these  an tigens in 
“C lu ste rs  of D ifferentiation’’ (CD antigens) [Barclay et a l ,  1993] so 
th a t  th e  su rface  m olecules (m arkers) of leukocytes a n d  of o ther 
haem opoietic cells a re  cu rren tly  identified by a  c lu ste r designation
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(CD) n u m b er [Male et al., 1993]. M onoclonal an tibodies w hich have 
th e  sam e labelling p a tte rn  on different cell popu lations are 
considered  to label the  sam e antigen  a n d  therefore define a  
p a rticu la r CD m arker. [Barclay e t al., 1993; Male et al., 1993]. 
A lthough th e  CD nom encla tu re  depends on  the  an tigens ra th e r 
th a n  the  an tibodies [B ernard e t al., 1984], each  c lu ste r of 
differentiation also defines a  group of an tibodies w hich sh are  a  
p o ten tia l p a tte rn  of cellu lar recognition [Milstein, 1989].
The nam ing  an d  grouping of the  different an tigens sim plified the  
investigation  of su rface  m olecules [Barclay e t al., 1993; Male et al.,
1993]. In the  w orkshop held  in  1989, 78 CD groups were 
recognised, m any  of these  m ark e rs  h ad  previously been  defined by 
th e ir function  a n d  identified accordingly. These a re  listed  in  m any 
s ta n d a rd  tex ts [e.g. Male e t al., 1993; Tizard, 1992; Campbell, 1992; 
Beverley, 1992] w ith  com prehensive d a ta  on  size an d  s tru c tu re , 
tis su e  d istribu tion  a n d  function  a n d  gene location an d  m olecular 
sequence  provided by B arclay a n d  o thers [1993]. F ea tu res of the  
m ore com m on an tigens are  sum m arised  h ere  (See Appendix 1).
A CD an tigen  is finally validated  only w hen  sequenced  by cDNA 
cloning techn iques [Barclay et al., 1993; Male et a l,  1993]. As 
B arclay an d  co-w orkers [1993] sum m arised , m olecular analysis of 
leukocyte an tigens h a s  been  carried  ou t u sin g  various techniques; 
a  few leukocyte an tigens su c h  a s  MHC C lass I were sequenced  a t 
th e  p ro te in  level b u t following th e  developm ent of recom binant 
DNA technology in  th e  1970s [Alberts et al., 1983] the  m ajority have 
been  sequenced  first a t th e  DNA level. For m ost CD m arkers, the  
m olecu lar s tru c tu re  an d  cytoplasm ic a n d /o r  cell surface dom ains 
of th e  corresponding  an tigen  were described  in  the  first in stance  
a n d  only su b seq u en tly  were s tu d ies  done to investigate the  function 
a n d  expression  of th e  an tigen  on different cells [Milstein, 1989]. 
H um an  CD an tigen  groups have a  c o u n te rp art in  o ther species 
[Made et al., 1993] a n d  CD term inology provides a  system atic  and
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com m on nom encla tu re  for the  hom ologous an tigens of the  o ther 
species [Barclay et a l,  1993]. The expression of leukocyte surface 
m olecules varies n o t only w ith th e  cell lineage a n d  the  stage of 
developm ent b u t also w ith the  species. For th is  reason , to assign  a  
cell to a  lineage or to estab lish  the  stage of developm ent, it is 
n ecessa ry  to u se  a  panel of an tibodies ra th e r  th a n  ju s t  one 
an tibody  [Male et a l,  1993].
1.3. Leukocytes
L eukocytes is a  general term  applied  to the  w hite cells of the  blood 
a n d  includes a  variety of cells su c h  as lym phocytes, phagocytes and  
an tigen  presen ting  cells each  w ith  different functions, origins an d  
s ites  of m atu ra tion . All th ese  cells determ ine a n d  m ediate the 
im m une response.
1.3.1. Lymphocytes
Description. Lym phocytes a re  sm all ro u n d  cells w ith  a  rounded  
n u c le u s  an d  a  th in  rim  of cytoplasm . S ubpopu la tions of 
lym phocytes can  be d istingu ished  according to the ir surface 
m olecules, the ir origin a n d  the ir role in  the  im m une response. 
M ature lym phocytes can  be divided into two m ain  groups: T- 
lym phocytes a n d  B-lym phocytes, depending on  the  p rim aiy  
lym phoid organ from w hich  they  originate [Tizard, 1992]. 
D ifferentiation occurs in  p rim aiy  lym phoid o rgans (bone marrow) 
while recognition an d  the  resp o n se  to an tigens occurs m ainly  in 
th e  secondary  lym phoid organs [Male et a l, 1993].
Surface molecules. As p a rt of th e ir a rray  of cell su rface  m olecules 
lym phocytes carry  surface recep tors. In their sum m ary  of the  cells 
of th e  im m une system , Male a n d  h is  co -au tho rs [1993] em phasise  
th a t  each  receptor can  recognise a  p a rticu la r an tigen  an d  th a t  each  
m a tu re  lym phocyte carries only one receptor type so th a t  it is able 
to recognise only one antigen . Since different lym phocytes c a n y  
recep to rs  for different an tigens, as a  whole the  lym phocyte
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popu lation  is capable of recognising a  g rea t variety  of an tigens. 
Male a n d  o thers [1993] also poin t o u t th a t  the  n a tu re  of the  an tigen  
recep to rs on T- an d  B-lym phocytes is different. The an tigen  
recep to rs in  B-cells (BCR) are su rface  im m unoglobulins w hich are 
m em b ran e-b o u n d  (mlg) an d  ultim ately  secreted. B-cells are  able to 
recognise unm odified  an tigens e ither free or on the  surface of o ther 
cells. A ntigen recep tors of T-lym phocytes (TCR) originate from  
different genes w hich encode th e  cell-surface recep tor alone. T- 
lym phocytes a re  capable of recognising a n  an tigen  only w hen it is 
p resen ted  to them  in  association  w ith  m olecules associated  w ith  the  
Major H istocom patibility Complex (MHC). A variety  of an tigen- 
p resen ting  cells (APCs) serve to p resen t the  an tigens to T-cells in  a  
form  th a t  they  can  recognise.
A th ird  su bpopu la tion  of lym phocytes th a t does no t express T- an d  
B-cell m arkers, or expresses a  m ixture of lym phocyte an d  
m acrophage m ark e rs  h a s  been  described  by Male an d  o th ers  
[1993]. These cells ten d  to carry  T-cell m ark e rs  during  the  early  
stages of th e ir developm ent a n d  to acquire  the  m acrophage m ark e rs  
later. They are  charac terised  by the  expression  of CD 16, CD56 an d
r.r
CD57 a n d  the  to ta l absence  of T- a n d  B-lym phocyte m arkers. These 
lym phocytes a re  called nu ll or th ird  popu lation  cells.
N orm al T- a n d  B-lym phocytes are  difficult to d istingu ish  by 
m icroscopic exam ination. However som e neoplastic  T-cells can  
develop a  m ultip ly  folded n u c lea r m em brane an d  are  th en  easily 
identified a n d  are  nam ed  Sezaiy  or Lutzner cells [H ansm ann & 
W acker, 1990].
1.3.1.1. B-Lymphocytes
Differentiation. B-cells differentiate in  different organs in different 
species: the  b u rsa  of F abricius in  b irds, bone m arrow  in  p rim ates 
a n d  ro d en ts  a n d  Peyer’s p a tch es  in  ru m in an ts. B -lym phocytes 
originate from th e  bone m arrow  a n d  m atu re  in  the  Peyer's p a tc h es
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or in  the  bone m arrow  itself, th en  they  m igrate to the  secondary  
lym phoid organs. They accum ulate  in  the  cortex of the  lym ph node, 
th e  follicles of Peyer's p a tch es an d  of the  sp leen  an d  in  the  splenic 
m arg inal zone [Tizard, 1992].
Morphology. E lectron m icroscopic exam ination [H ansm ann & 
W acker, 1990] reveals th a t  B-cells have a  ro u n d  to slightly irregular 
n u c leu s, dense  chrom atin , sm all nucleoli an d  a  sm all am o u n t of 
cytoplasm . A lthough the  am o u n t of cytoplasm  is quite sm all, it 
co n ta in s a  n u m b er of m itochondria, som e lysosom es and, 
occasionally, rough  endoplasm ic reticu lum . It h a s  been  suggested  
th a t  the  am o u n t of rough  endoplasm ic re ticu lum  determ ines the  
ability  of the  B-cells to p roduce im m unoglobulins.
Functions. The function  of B-cells is to produce antibodies, i.e. 
endogenous im m unoglobulins [Male et al., 1993; H ansm ann  & 
W acker, 1990]. Male an d  co-w orkers [1993] also s ta te  th a t B-cells 
need  the  presence  of an tigen  and  the  help of antigen-specific T-cells 
to p roduce  antibodies. There are  som e antigens, m ostly  large n o n ­
p ro te in  polym eric m olecules, th a t  can  directly s tim u la te  B-cell 
resp o n se  (Tind) b u t the  m ajority of an tigens are  T -dependent (TdeP) 
a n d  they  can n o t induce  a  B-cell response  w ithout T-cell 
stim u la tion . Tdep an tigens s tim u la te  a  g rea ter p roduction  of IgG in  a  
secondary  im m une response. These im m unoglobulins have a  h igher 
affinity for th e  an tigens. In con trast, Tind an tigens norm ally 
s tim u la te  the  p roduction  of im m unoglobulin  M.
Surface molecules. Male a n d  o thers [1993] explain th a t, in  addition  
to th e  B-cell recep tor (im m unoglobulin), B-cells express MHC class 
II a n d  have two types of com plem ent recep tors (CR1 a n d  CR2). 
M oreover som e B-cell su b se ts  can  also express m arkers su c h  a s  
CD5 w hich w ould norm ally  be assoc ia ted  w ith  T-cells. B-cells tend  
to lose m ost of the ir surface im m unoglobulins as the ir cytoplasm
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an d  endoplasm ic re ticu lum  expand  to develop a  pro tein  sy n thesis  
system  w hen  they  m atu re  to p lasm a cells.
Development. In the  germ inal cen tre  of the  lym ph node there  are  
d ifferent B-cells a t different stages of differentiation a s  repo rted  in  
the  review  of R obb-Sm ith an d  Taylor [1981]. The cen trob lasts  
(germ inoblasts of Lennert 1973 or non-cleaved follicular cen tre  cells 
of L ukes a n d  Collins 1973) have basophilic cytoplasm  a n d  a  ro u n d  
or oval vesicu lar nuc leus. The ch rom atin  in  the  nu c leu s is a rranged  
in  sm all m asses. One or m ore sm all nucleoli a re  a rranged  
peripherally . The centrocytes (germ inocytes of L ennert 1973 or 
cleaved follicular centre  cells of Luke a n d  Collins 1973) have a  
cleaved n uc leus, a  delicate n u c lea r m em brane a n d  basic  
ch rom atin . Nucleoli are  e ither sm all or absen t. Their cytoplasm  is a  
w eakly basophilic  ill-defined rim . The B -im m unoblasts are  generally 
found  ou tside  the  germ inal centre, have a  d istinc t n u c lea r 
m em brane, a  cen tra l nucleo lus a n d  conspicuous, strongly 
basophilic  cytoplasm . Two hypo theses regarding B-cell m igration  
were fo rm ula ted  by Lukes an d  Collins [1975] an d  L ennert a n d  co­
w orkers [1975]. L ennert and  o thers [1975] s ta te d  th a t the  
developm ent of B-cells s ta r ts  from  e ither the  im m unob lasts  or 
cen tro b lasts  in  the  germ inal cen tre  a n d  th a t they  subsequen tly  
proceed  tow ards the  periphery  of the  follicles. This theory  is m ore 
widely accep ted  [Grossi & Lydyard, 1992], b u t according to L ukes 
a n d  Collins [1975] B-lym phocytes, after being stim u la ted  by a n  
an tigen , m igrate  from the  perifollicular a reas  in to  the  germ inal 
cen tre  w here they  undergo several m u ta tio n s  (sm all to large cleaved 
an d  non-cleaved cells a n d  finally in to  large im m unoblasts).
1.3.1.2. T-Lymphocytes
Differentiation. T-lym phocytes differentiate in  the  thym us.
Morphology. The n u c lear sh ap e  of T-lym phocytes is norm ally  m ore 
irregu lar th a n  B-cells. T-lym phocytes have a  g reater a m o u n t of
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cytop lasm  with, only a  few lysosom es. Despite som e differences in  
th e  n u c le a r  shape, am o u n t of cytoplasm  an d  organelles T- a n d  B- 
lym phocytes canno t be reliably d istingu ished  by th e ir appearance  
[H ansm ann  & W acker, 1990]. The T-cells have a  long life-span 
(betw een 6 m o n th s and  10 years). In co n tra st the  m ajority  of B-cells 
have  a  relatively sh o rt life-span (5 to 7 w eeks in  mice) [Tizard et al., 
1992].
Functions. T-cells have various functions su c h  a s  stim u la ting  th e  B- 
cells to p roduce  antibodies, killing virally infected cells, regu lating  
th e  level of im m une response  an d  stim ula ting  m icrobicidal 
re sp o n se s  a n d  cytotoxic activity of the  o ther cells of the  im m une 
system  (i.e. m acrophages) [Male et al., 1993].
Surface molecules. Male an d  co -au tho rs [1993], in  th e ir review of T- 
cell su rface  m olecules in  m an , describe the  T-cell an tigen  recep tor 
(TCR) w hich  consists  of 2 different polym orphic c h a in s  th a t  b ind  
th e  an tig en  an d  sure assoc ia ted  w ith  CD3, a  complex of polypeptides 
w hich  signals cellu lar activation. This an tigen-b ind ing  portion  
c o n sis ts  of a n  ap heterod im er in  the  m ajority of T-cells a n d  of a  y8 
he te rod im er only in  som e T-cells. T-cells can  also express CD2 a n d  
CD5. Activated h u m a n  T-lym phocytes also express MHC class n  
a n d  CD25. T-cells a re  divided into two m ain  su bpopu la tions 
accord ing  to the  expression  of CD4 or CD8. The m ajority  of T-cells 
exp ress CD4 (CD4+ T-cells) a n d  also MHC class II a n d  are  know n 
a s  h e lp e r cells. Som e T-lym phocytes are  CD8 positive (CD8+ T- 
cells). These cells a re  called suppresso r/cy to tox ic  cells a n d  they  
have also  been  found  to carry  MHC class I. B oth  CD4+ a n d  CD8+ 
lym phocytes can  be divided fu rth e r into subpopu la tions, su c h  a s  
CD4+CD29+ m em ory T-cells a n d  CD45RA+CD4+ naive or virgin T- 
cells in  m an .
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1.3.2. Macrophage/Monocyte Lineage Cells
Description. Cells of the  m acrophage/m onocy te  lineage originate 
from  p lu ripo ten t self-renewing haem opoietic stem  cells w hich can  
differentiate e ither into granulocytes or m onocytes. Cells of th is 
lineage in  general m ay be called histiocytes b u t they  are  often 
considered  as two groups: the  m ononuclear phagocytes an d  the  
“professional” an tigen-presen ting  cells. The m onuclear phagocytes 
a re  also an tigen  presen ting  cells b u t phagocytosis is the ir m ain  
function . Som e of them , su c h  a s  blood m onocytes, can  m igrate. 
O thers, su c h  a s  pu lm onary  alveolar m acrophages an d  hepatic  
Kupffer cells, a re  fixed. The “professional” an tigen  p resen ting  cells 
a re  generally non-phagocytic and  they have a  dendritic  morphology.
1.3.2.1. Macrophages
Morphology. M acrophages are  p a rt of the  m ononuclear-phagocytic 
system . They can  assum e different sh ap es  b u t generally they  have a  
ro u n d , b ean -shaped  or inden ted  n u c leu s a t  th e  cen tre  of an  
a b u n d a n t cytoplasm  w hich is irregu lar in  sh ap e  a n d  m ay p resen t 
b lu n t-en d ed  processes. O rganelles su c h  as  m itochondria , a  large 
n u m b er of lysosom es, som e rough  endoplasm ic re ticu lum  a n d  a  
Golgi a p p a ra tu s  for the  syn thesis  of p ro te ins occur in  the  
cytoplasm . [Tizard, 1992; K am perdijk et a l,  1990].
Function. M acrophages have a  variety  of functions su c h  a s  
phagocytosis, processing an d  p resen ta tio n  of an tigens to 
lym phocytes an d  p roduction  an d  release of soluble m olecules. They 
am plify th e  im m une response, contro l in flam m ation , an d  help the  
healing  process. M acrophages are  veiy im p o rtan t cells in  the  
im m une system ; they  are m obile so th a t  they  can  carry  an tigens to 
d is ta n t s ites to im m unocom petent cells [Kamperdijk et al., 1990].
Location. M acrophages are  found th ro u g h o u t the  body. Im m ature  
m acrophages occur in  the  blood an d  are called m onocytes. They 
co n stitu te  ab o u t 20%  of the  to ta l leukocyte population . M ature
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m acrophages can  be seen  in  tissu es. They are called h istiocytes in  
th e  connective tissue , Kupffer cells in  the liver, m icroglia in  the 
b ra in  a n d  alveolar m acrophages in  the  lungs. M acrophages are  also 
p re se n t in  the  splenic sinuso ids, bone m arrow  an d  lym ph nodes 
[Tizard, 1992].
Surface molecules. In the  lym ph node, im m ediately u n d e r  the  
su b c a p su la r  s in u s, there  is a n  alm ost con tinuous layer of 
m acrophages. This layer is 2 to 4 cells th ick  in  the  interfollicular 
a re a s  a n d  is th in n e r n e a r the  periphery  of e ither p rim ary  or 
secondary  follicles. A sm all n u m b er of m acrophages can  also be 
seen  in  the  m edullary  cords, th ese  m acrophages are  lysozyme+, 
C D llc + , CD68+ an d  MAC387+ [Kamperdijk et al., 1990]. In the 
m edu llary  s in u ses  there  are  large actively phagocytic m acrophages 
w hich  a re  lysozyme+, C D llc+ , C D llb +  and  MAC387+ [Bodewadt et 
al., 1990]. Tingible body m acrophages (TBM) sire large cells w ith  an  
a b u n d a n t cytoplasm  w hich con ta in s phagocytosed n u c lea r debris. 
They give a  m ottled  appearance  to the  germ inal cen tre  [Henry, 
1992; K am perdijk et al., 1990] a n d  are C D llc +  an d  CD68+ 
[Bodewadt et al., 1990].
1.3.2.2. Antigen Presenting Cells
There a re  four types of an tigen  p resen ting  cells (APCs): a) the 
lym phoid dendritic  cells in  th e  blood; b) L angerhans cells (norm ally 
found  in  the  epiderm is, b u t  also p resen t in  the  m ain  bronchi, 
thym ic epithelium , oral m ucosa, oesophagus a n d  lower colon); c) 
th e  dendritic  re ticu lum  cells (present th roughou t the  body and  
especially  in  the  follicles of lym ph node) and  d) the  in terd ig itating  
re ticu lu m  cells (found in  the  paracortex  of the  lym ph node) 
[P ritchard  & B radbent, 1994].
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Langerhans Cells
Differentiation. L angerhans cells are derived from  th e  bone m arrow  
a n d  rep re sen t 1-2%  of the  to ta l sk in  cell popu lation  [White & Yager, 
1995; C hu & Jaffer, 1994].
Morphology. H um an  L angerhans cells a re  ovoid in  shape  an d  are 
o rien ta ted  horizontally  in  the  skin. They can  have betw een 5 to 9 
d en d rites  w ith w hich they  can  cover ab o u t 25%  of the  sk in  area. 
The dendrites from  one cell can  overlap b u t there  is no cell-to-cell 
con tact. Their n u c leu s  is inden ted  or lobu lated  a n d  the  cytoplasm  
is poor in  vacuoles an d  organelles ap a rt from the  B irbeck granules. 
E ach  L angerhans cell p ossesses e ither 1 or several Birbeck 
g ranu les. Recent s tu d ies  prove th a t B irbeck g ranu les derive from 
invagination  of th e  cytoplasm ic m em brane following stim ulation , 
b u t  the ir function  is still unknow n  [Chu & Jaffer, 1994]. B irbeck 
g ran u les  have been  identified in  the  L angerhans cells of various 
species su c h  as  cattle, sheep, goats an d  h o rses [White & Yager, 
1995] b u t  can ine  L angerhans cells do n o t have B irbeck granu les 
[Moore & Schrenzel, 1991].
Function. L angerhans cells a re  very im portan t an tigen  p resen ting  
cells; th e ir function  is to p resen t an tigen  to activated  T-cells. They 
are  n o t able to sensitise  resting  T-cells. M igration is a  very 
im p o rtan t charac teristic  of these  cells. They originate from the  bone 
m arrow  a n d  m igrate  to the  epiderm is th ro u g h  the  blood, th e n  from 
th e  epiderm is they  can  m igrate to the  ad jacen t lym ph node th rough  
th e  lym phatics [White & Yager, 1995; C hu & Jaffer, 1994].
Surface Molecules. H um an  L angerhans cells express MHC class n, 
CD l a  a n d  CD4 complex [Chu & Jaffer, 1994]. Norm al canine 
L angerhans cells express MHC class n, CD 11 a, CD 11c, CD 18 and  
CD la -lik e  an tigen  [Moore & Schrenzel, 1991 conference 
proceedings]. W hite a n d  Yager [1995], reviewing th e  work of Stingl 
a n d  o th ers  [1989] a n d  S u te r [1991], described  L angerhans cells as 
s ta in in g  differently in  the  different species; i.e. in  L angerhans cells
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of m an , gu inea  pigs an d  m ice optim al s ta in ing  is achieved w ith 
adenosine  trip h o sp h a tase  while non-specific e ste ra se  gives good 
s ta in in g  in  the  dog a n d  m ouse.
H u m an  L angerhans cells s ta in  for CD4 while can ine  L angerhans 
cells are  negative for CD4 [Stingl et a l, 1989]. S tingl a n d  co­
w orkers [1989] also s ta te d  th a t CD l a  is the  b est m ark er for 
L angerhans cells a n d  th a t th e ir im m unophenotype differs according 
to th e  differentiation a n d  m atu ra tio n  of the  cells.
Dendritic Reticulum Cells (DC)
D endritic  reticu lum  cells a re  phagocytic cells; the ir function  is to 
tra p  an tigen  an d  p resen t it to the  B-cells in  the  follicles. They can  
be found  th ro u g h o u t the  body b u t especially in  th e  lym phoid 
o rgans. They also have a n  im portan t role in  im m une m em ory 
b ecau se  the ir cytoplasm  can  re ta in  an tigen  for a  long tim e [Henry, 
1992; K am perdijk et a l, 1990; King & Katz, 1990; Racz e t a l, 
1989]. In the  nodal follicles, dendritic  cells a re  m ore a b u n d a n t in 
th e  pole th a t faces tow ard th e  source of the  an tigen  (subcapsu lar 
sinus) [King & Katz, 1990; Racz et al., 1989]. It is very difficult to 
observe them  by light m icroscopy w ithout special sta in ing  
techn iques. They are  quite  sm all and  the ir cytoplasm  form s an  
in terlacing  netw ork [Isaacson, 1992]. In the  ca t follicular dendritic  
cells have been  identified w ith  a n  an ti-h u m an  CD21 [Callanan,
1994].
Interdigitating Dendritic Cells (1DC)
The m ajority  of nonphagocytosing m yelom onocytic cells in  the 
paraco rtex  of lym ph node a re  interdigitating dendritic  cells w hich 
a re  CD1+ an d  C D llc+ . Interdigitating dendritic  cells a re  of 
m ononuclear/phagocy tic  lineage even if their phagocytic capacity  
is very weakly developed. Their m ain  function  is to p resen t an tigen  
to T-lym phocytes. They resem ble L angerhans’ cells phenotypically  
an d  functionally  [Robb-Sm ith & Taylor, 1981]. It h a s  been 
suggested  th a t the  in terd ig itating  re ticu lum  cells derive from
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L angerhans cells w hich have m igrated from the sk in  into the  
ad jacen t lym ph node [Pritchard & B radbent, 1994; Male e t al., 
1993; Tizard, 1992].
Cutaneous Indeterminate Cells
The cu tan eo u s indeterm inate  cells have the  sam e m orphology as 
th e  L angerhans cells b u t they  do n o t con ta in  B irbeck g ranules. 
They have been described in  m an  only a n d  it h a s  been suggested  
th a t  they  m ay be the  p recu rso rs of L angerhans cells m igrating into 
th e  epiderm is, th a t  they m ight be L angerhans cells w ith sp a rse  
B irbeck g ranu les or th a t they  m ight be activated  L angerhans cells 
m igrating  from the  epiderm is. This la s t hypothesis is sup p o rted  by 
th e  fact th a t activated  L angerhans cells in  vitro lose endosom es 
a n d  B irbeck g ranu les [Peters, 1990].
1.4. Lymphoid Tissues
The im m une system  is the body's m ain  defence against infections. 
O ur u n d e rs tan d in g  of the complex m echan ism s involved in  the  
im m une response  h a s  been greatly expanded by the  application  of 
m onoclonal an tibodies in the  s tu d y  of cell surface antigens. Basic 
re sea rch  h a s  been  carried  ou t prim arily  in  roden ts  an d  m ore 
recen tly  w ith the  in troduction  of m onoclonal an tibodies in  h u m an s . 
The function  of the  im m une system  is to recognise an d  elim inate 
foreign an tigens. This is accom plished in  two stages: the  first p h ase  
is the  recognition of the  an tigen  by the  lym phocytes, the  second  is 
th e  effector p h ase  w hich is carried  o u t by a  variety  of cells (i.e. T- 
cells, m acrophages a n d  granulocytes) [Male et a l,  1993].
In  all species, the  organs regulating  th e  p roduction  an d  
differentiation of lym phocytes are  called prim ary  lym phoid organs. 
All p rim a iy  organs, su c h  a s  thym us a n d  bone m arrow , develop veiy 
early  during  foetal life. Secondary lym phoid o rgans su c h  a s  lym ph 
nodes, spleen, an d  others, develop la te r an d  p ers is t th ro u g h o u t 
a d u lt life. It is in  the  secondary lym phoid organs th a t the  im m une 
resp o n se  takes place. In germ -free an im als, the  p rim ary  lym phoid
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organs are  no rm al in  size while all secondary  lym phoid organs are 
very poorly developed because  the ir developm ent directly depends 
on  the  p resence  of foreign an tigens [Tizard, 1992].
1.4.1. Skin
Function. The function  of the  sk in  is to p ro tec t the  body from the 
ou tside  environm ent. Skin is a n  im portan t com ponent of the 
im m une system  together w ith thym us, lym ph node, sp leen  an d  
bone m arrow . The various cells involved in  th e  cu tan eo u s im m une 
response  include L angerhans cells in  the  epiderm is, ep iderm al T- 
cells a n d  derm al dendrocytes [Feliciani & Sauder, 1991]. The sk in  
seem s to show  som e anatom ical a n d  antigenic sim ilarities w ith  the  
th y m u s an d  to syn thesise  sim ilar cytokines a n d  adhesion  
m olecules. B ecause of these  anatom ical an d  antigenic sim ilarities 
w ith  the  thym us, som e a u th o rs  classify the  sk in  a s  a  p rim ary  
lym phoid organ [Tizard, 1992].
Feliciani an d  S au d er [1991] em phasise  in  the ir review th a t 
keratinocytes can  syn thesise  a n d  secrete  large am o u n ts  of 
cytokines includ ing  IL-1 (in terleuk in -1) th a t s tim u la te  proliferation 
of thym ocytes a n d  also produce o ther in te rleuk ins th a t  a re  involved 
in  th e  in itiation  of the  in flam m atory response, leukocytosis an d  
acu te  p h ase  response . W hen IL-1 is syn thesised  a n d  released , IL-6, 
IL-8 an d  G ranulocyte-M acrophage Colony S tim ulating  Factor (GM- 
CSF) a re  p roduced . These cytokines function  to trigger 
inflam m ation a n d  stim u la te  the  leukocyte infiltration. IL-8 is an  
im portan t chem otactic  factor for T-lym phocytes, basoph ils an d  
neu troph ils .
Cell typ e /S u r fa ce  molecules. In all species, sca tte red  dendritic  cells 
(L angerhans cells) a re  p resen t in  the  prickle layer of the  epiderm is 
[Flemming, 1992; Tizard, 1992].
THY-1 is a n  an tigen  com m only expressed  on  the  h u m an  
prothym ocyte subpopu la tion , m ouse  and  ra t  T-cells a n d  ra t  bone 
m arrow  [Barclay et al., 1993; H om ans et al., 1988; W illiams &
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Gagnon, 1982]. Recently, expression  of THY-1 w as no ted  on  som e 
m ouse  epiderm al cells [B ergstresser et al., 1983; T schachler et a l,
1983].
M ouse THY-1+ dendritic  cells a re  derived from  bone m arrow  a n d  
th e ir expression  of THY-1 suggests th a t they  a re  assoc ia ted  w ith  
thym ocytes, som e T-cells a n d  n a tu ra l killer cells. These T-cells 
carry  TCR g a m m a/d e lta  an tigens w hich suggest th a t  they  originate 
from  the  th y m u s a n d  th e n  m igrate to the  sk in . In the  epiderm is 
th ese  cells find a n  ideal environm ent for th e ir proliferation 
[B ergstresser et a l,  1983; T schachler et a l ,  1983]. These cells have 
n o t been  identified in  m an  [Vejlsgaard & Edelson, 1991].
In m an , the  epiderm al lym phocytes are  m ainly CD8+ cells, while in  
th e  derm is CD4+ a n d  CD8+ cells a re  p resen t in  equal n u m b ers  
[Feliciani & S auder, 1991].
K apsenberg a n d  Bos [1992] s ta te  th a t the  p resence  of CD4+ T- 
lym phocytes in  the  derm is of no rm al sk in  is im portan t. It h a s  been  
suggested  th a t  they  are  antigen-specific m em ory cells w hich  
therefore could be activated  by the  an tigen -p resen ting  cells a t  a  
very early  stage; they  m ight also have o ther functions su c h  a s  
im m unosurveillance.
1.4.2. Thymus
Function. The th y m u s is a  p rim ary  lym phoepithelial o rgan  
producing  T-cells.
Structure. It consists  of a  connective tissu e  capsu le  a n d  cell s tro m a  
th a t  is divided in to  lobules by epithelial sep ta . E ach  lobule is 
divided into two areas; cortex a n d  m edulla. Sm all lym phocytes a re  
densely  packed  in  the  cortex while large lym phocytes co n stitu te  the  
lym phoid popu lation  of the  m edulla. The cells in  the  m edu lla  a re  
less densely  packed  a n d  the  epithelial cells a re  m ore easily seen . In  
the  m edu lla  H assall’s corpuscles can  be found. The large H assalTs 
co rpuscles consist of a n  o u te r layer of lining cells a n d  a  centred 
kera tin ised  core, while the  sm aller H assall’s co rpuscles a re  m ade of
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ep ithelial cells a rranged  in  concentric  circles. The function  of these  
co rpuscles is  still unknow n  [Ritter & Lam pert, 1992; Tizard, 1992; 
B a ch a  & Wood, 1990].
Cell types. The m ajority of the  cells in  the  thym us, are  lym phocytes, 
ep ithelial cells, m acrophages an d  dendritic  cells a lthough  B-cells, 
n eu tro p h ils , eosinophils a n d  occasional myeloid an d  ery thro id  cells 
c an  be seen. M acrophages are  sca tte red  th ro u g h o u t all regions of 
th e  thym us.
Surface Molecules. In m an, CD 1 is expressed  on  cortical thym ocytes 
a n d  CD2 a n d  CD5 are expressed  on bo th  cortical a n d  m edullary  
thym ocytes. CD8 is a n  early T-lymphocyte m arker an d  is expressed  
on im m atu re  cortical thym ocytes th a t  are  also positive for CD4. 
Single-positive CD4 or CD8 thym ocytes originate in  the  m edu lla  
from  a  few of the  double-positive thym ocytes [Ritter & Lam pert, 
1992].
1.4.3. Lymph Node
Function. Lym ph nodes are  secondary  or peripheral lym phoreticu lar 
tis su e s  w ith  the  function  of cap tu ring  antigens.
Structure. The no rm al lym ph node can  be divided into a n  o u ter 
densely  cellu lar a re a  called cortex a n d  containing bo th  p rim ary  an d  
secondary  follicles, a  densely  cellu lar T -dependent a re a  n am ed  the  
p a raco rtex  or deep cortex an d  a  region com posed of co rds of 
lym phoid a n d  p lasm a  cells called th e  m edulla. The s in u se s  are  
lined  by a  lattice  of s in u s  m acrophages. The m edullary  s in u se s  lie 
betw een  the  cords an d  are  con tinuous w ith  the  p a ra trab e cu la r  
s in u se s . The p a ra trab e cu la r s in u ses  com m unicate  w ith  the  
su b c a p su la r  s in u se s  [Hemy, 1992; Castenholz, 1990; R obb-Sm ith  
& Taylor, 1981]. The sam e a rch itec tu re  h a s  been  described  in  the  
ca t [Callanan, 1994] an d  in  th e  dog [Bacha & Wood, 1992] lym ph 
node.
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Cortex. B -lym phocyte a re a s  in  the  cortex are  confined to bo th  
p rim a iy  a n d  secondary  follicles. The follicles a re  know n to be very 
u n s ta b le  s tru c tu re s . Age a n d  h ea lth  s ta tu s  have been  show n to 
influence th e  com position a n d  d im ensions of the  follicles. The 
follicles divide into germ inal cen tre  an d  m antle  zone only after 
sufficient exposure  to a n  antigen. In new born m am m als and  
m am m als k ep t in  a n  antigen-free environm ent the  follicles develop 
a s  a n  a re a  of uniform ly d is trib u ted  lym phocytes [Castenholz, 1990]. 
P rim ary  follicles consist of sm all lym phocytes in  a  follicular 
dendritic  cell (FDC) netw ork. The secondary  follicles have a  
germ inal cen tre  su rro u n d e d  by a  m antle  zone consisting  of sm all 
lym phocytes [Callanan, 1994; Henry, 1992; Isaacson , 1992; 
C astenholz, 1992]. The th ick n ess of the  m antle  zone varies, being 
b ro ad e r n e a r  th e  m arg inal s in u s . W hen stim u la ted  by a n  im m une 
reaction  th e  germ inal cen tres of secondary  follicles divide into two 
areas: a  sp arse ly  popu la ted  or light zone an d  a  densely popu lated  
or d a rk  zone. The light zone, consisting  m ainly of sm all to m edium  
size lym phocytes (centrocytes) w ith  irregular, often tongue shaped  
nuc le i a n d  w eakly basophilic cytoplasm , is n eare r the  m arginal 
s in u s . The d a rk  zone is com posed of densely packed  large 
lym phocytes (centroblasts). The cen trob lasts  have a  n u c leu s  w ith 
large nucleo li located a t  th e  m arg in  of the  n u c leu s an d  in tensely  
basophilic  cytoplasm . Som e im m unob lasts can  be identified w ithin 
th e  germ inal cen tres. Im m unob lasts are  quite  sim ilar to the  
cen tro b la s ts  b u t  slightly larger a n d  con ta in  a  prom inent single 
nuc leo lu s p laced  centrally  [Callanan, 1994; Henry, 1992; Isaacson,
1992]. In  th e  cat, p rim ary  follicles are  observed quite  infrequently  
[C allanan, 1994].
In th e  germ inal cen tres, th e  m ajority  of cells a re  of the  B-lineage 
(cen trob lasts, centrocytes, im m unob lasts an d  p lasm a cells), b u t 
there  a re  also som e CD4+ helper T-cells. Helper T-cells seem  to 
co llaborate  w ith  B-cells. S u p p resso r T-cells a re  p resen t w ith  helper
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T-cells in  the  germ inal centre  in  the  ratio  of 1:3 [Henry, 1992]. The 
sm all B -lym phocytes are CD20+, CD22+ CD24+ an d  CD5+ [Robb- 
S m ith  8s Taylor, 1981].
O ther com ponents of the  germ inal centre  are  the  tingible body 
m acrophages (TBM) an d  dendritic  reticu lum  cells (DC) [Hemy, 
1992; K am perdijk et al., 1990; King & Katz, 1990; Racz et a l , 
1989].
The paracortex , a  densely cellu lar area, lies betw een the  cortex an d  
th e  m edulla . It is a  T- or thym us-dependen t a rea  ch arac te rised  by 
vessels lined by cuboidal or tall co lum nar endothelial cells. These 
vesse ls are  called high  endothelial venules (HEV) or epithelioid 
venu les [Barclay, 1982].
In the  deep cortex non-lym phoid cells, su c h  as in terd ig itating  
cortical re ticu lum  cells (IDC), c an  also be found. Free m acrophages 
c an  also be seen  in  the  deep cortex [Robb-Sm ith & Taylor, 1981]. 
The nodal T-cell a reas  in  the  m ouse have been described  as 
con ta in ing  predom inantly  THY-1+ an d  CD4+ cells w ith  only a  
sm aller n u m b er of CD8+ cells [Witmer & S teinm an, 1984].
Medulla. The m edulla  consists  of m any m edulla iy  cords. It is 
p rim arily  a  B-cell a rea  b u t it also con ta ins T-cells, m ainly he lper T- 
lym phocytes. The m ajority of p lasm a  cells a re  found in  the  m edu lla  
w hich  also con ta ins sm all lym phocytes. O ccasional m acrophages, 
m a s t cells, eosinophils a n d  n eu troph ils  can  be found  in  the 
m edu llary  parenchym a. The m edullary  cords extend from the  deep 
cortex tow ards the  h ilus of the  lym ph node. The m edullary  cords 
a re  very labile s tru c tu re s  like th e  follicles. Their popu lation  varies 
w ith  th e  reactive p h ase  of th e  lym ph node. The spaces in  betw een 
m edu llary  cords drain ing  the  lym ph from th e  afferent lym phatics to 
the  h ilu s  are  called s inuses. They con ta in  fluid lym ph w ith 
su sp en d ed  lym phocytes, h istiocytes an d  o ther cells [Isaacson, 
1992; Castenholz, 1990; R obb-Sm ith 8s Taylor, 1981].
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1.4.4. Spleen
Function. The spleen, like the  lym ph nodes, is a  secondary  lym phoid 
organ.
Structure. It is divided into red  a n d  white pu lp . The splenic w hite 
pu lp  co n sis ts  of a  sh e a th  of lym phoid tissu e  th a t  su rro u n d s  the  
a rterio les an d  is know n a s  the  periarterio lar lym phoid sh e a th  
(PALS). PALS are  T-cell dependen t a reas  in  all species. W ithin PALS 
there  a re  som e p rim ary  follicles. These follicles consist m ainly of B- 
cells. W hen activated, they  divide into a  germ inal cen tre  a n d  a  
m an tle  zone producing  secondary  follicles equivalent to those  in  the  
lym ph node. A re ticu lum  sh e a th  and  a  m arg inal zone of cells 
se p a ra te  the  w hite pu lp  (PALS, B-cell follicles a n d  m antle  zone) 
from  the  red  pu lp  [Tizard, 1992; Lam pert, 1992; Rayner, 1992]. The 
sam e a re a s  have been  described  in  th e  dog [Bacha & Wood, 1990]. 
Cell ty p e /  Surface Molecules. In m an  T-lym phocytes in  PALS are 
m ainly  CD2+, CD3+, a n d  CD4+ (70%) or CD8+ (30%). The m ajority  
of T-lym phocytes in  the  w hite pu lp  are  CD4+, while in  the  red  pu lp  
CD8+ T-lym phocytes predom inate . In the  m arg inal zone there  are  
m ainly  B-cells b u t som e T-cells can  also be found  [Lampert, 1992]. 
The red  pu lp  of the  sp leen  co n ta in s m any B-lym phocytes while only 
a  few T-lym phocytes are  p re sen t [Witmer & S te inm an , 1984].
1.5. T- and B-cell Development
T-cells. As described  by Tizard [1992] th e  p recu rso rs  of T-cells 
orig inate  a n d  develop w ith in  th e  foetal liver a n d  th e  bone m arrow  
w here they  m a tu re  to the  stage of pro thym ocytes; subsequen tly  
they  m igrate  to the  th y m u s a n d  acquire CD5 a n d  CD8 antigens. 
THY-1 an tigen  is acqu ired  gradually; b u t th e  am o u n t of THY-1 
an tigen  decreases w ith  cell m a tu ra tio n  [Tizard, 1992].
The th y m u s is e ssen tia l for th e  m a tu ra tio n  a n d  developm ent of T- 
lym phocytes. It w as proven experim entally  th a t  neonatally  
thym ectom ized m ice an d  n u d e  m ice are  deficient in  T-cells. The
47
thym ic capillaries have recep tors on the ir w alls to cap tu re  T- 
lym phocytes, th a t  once in  the  thym us are called thym ocytes 
[Tizard, 1992].
M ale a n d  co-w orkers [1993] rep o rt th a t despite  the  h igh  ra te  of 
p ro liferation  of the  thym ocytes, they  are n o t capable of indefinite 
self-renew al needing  new  cells from  the haem opoietic tissu e  to 
rep lace  th e  old cells. Adult thym ocytes in  m ouse, ra t  a n d  m an  
exp ress different surface an tigens. According to th e  expression  of 
th ese  su rface  m olecules they  can  be classified in to  4 
su b popu la tions: a) double-negative (CD4- CD8-) population , b) 
double-positive (CD4+ CD8+) population, c) single-positive (CD4+) 
cells a n d  d) single positive (CD8+) cells. The double-negative 
p op u la tio n  can  be divided into 2 fu rth er subpopu la tions according 
to th e  expression  of HSA an tigen  (heat stab le  antigen). Most of the 
CD4- CD8- HSA+ cells also carry  CD5 an tigen  an d  are th o u g h t to 
be th e  only cells expressing CD25 in  the  thym us. The cells 
belonging to the  o ther subpopu la tion  are CD4- CD8- HSA-. These 
thym ocytes are  CD5+ an d  CD25-. The double-positive popu lation  
also exp resses h igh  levels of HSA an d  THY-1. Double-positive b las ts  
p roduce  single positive cells w hen experim entally in jected in to  the 
th y m u s. In  the  single-positive population, CD8+ cells a re  divided 
in to  2 su b se ts  according to the  expression  of TCR«p an d  HSA. CD8+ 
HSA+ cells do n o t c a n y  TCR an d  generate  double-positive 
thym ocytes. CD8+ HSA- thym ocytes express h igh  levels of TCR ap 
a n d  a re  m a tu re  cells. CD4+ thym ocytes are  HSA- an d  TCR<xp+.
After leaving th e  thym us, T-lym phocytes concen tra te  in  th e  deep 
cortex of th e  lym ph node, peria rte rio la r lym phoid sh e a th s  (PALS) of 
th e  sp leen  a n d  in  th e  in terfollicular a reas of the  Peyer’s pa tches . 
The lym phocytes c irculating  in  th e  blood rep resen t 20%  of th e  to ta l 
popu la tion  a n d  T-lym phocytes com prise 80%  of the  to ta l n u m b er of 
lym phocytes [Tizard, 1992].
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B-cells. B-ceUs originate from the p lu ripo ten t cells of th e  bone 
m arrow . These stem  cells develop into pre-B-cells a n d  are  CD32+ 
a n d  also express the  \x chain  of IgM in  the ir cytoplasm . Pre-B- 
lym phocytes develop into m atu re  B-lym phocytes w hich s ta r t  to 
syn thesize  the  light cha in s of the  im m unoglobulins. Once the 
im m unoglobulins are  tran sp o rted  to the  cell surface, B- 
lym phocytes a re  ready  to respond  to an tigens [Male et a l, 1993].
In m a m m a ls , th e  earliest identifiable cells of B-lineage express 
te rm in a l deoxynucleotidyl tran sfe rase  a n d  low levels of THY-1 and  
u n rea rran g e d  Ig heavy (H) an d  light (L) chain  genes. Pre-B- 
lym phocytes have rearranged  H -chain  genes b u t u n rea rran g ed  Ig k  
an d  X L -chain  genes. After rearrangem en t of Ig H -chain  genes pre- 
B-cells undergo rea rrangem en t of k genes. If th is  fu rther 
rea rran g em en t is successfu l the  cells undergo  o ther 
rea rran g e m en ts . If k gene rearrangem en t is u n su ccessfu l th e  cell 
p roceeds w ith the  rearrangem en t of X genes. At th is  stage the  cells 
exp ress IgM/IgD on the ir surface a n d  are  MHC class n  positive. The 
virgin B-cells, expressing IgM and  IgD on the ir surface, a re  ready  to 
leave th e  bone m arrow  an d  m igrate into the  secondary  lym phoid 
organs. M ost of the  B-cells found in  the  blood stream  are  m atu re  
cells; 90%  of these  cells have a  sh o rt life-span u n le ss  they  come 
in to  co n tac t w ith  a n  antigen. EL-7 p lays a n  im p o rtan t role in  the 
developm ent of B-cells. It is considered  to be a  grow th factor for the  
early  lym phoid cells of bo th  T- an d  B-lineage. IL-7 can  induce 
proliferation of pro-B-cells b u t it c an n o t induce  th e ir differentiation 
[Male e t a l ,  1993].
1.6. Antigen Processing and Presentation
Processing  an d  p resen ta tio n  of an tigens is described  in  deta il by 
Neefijes an d  M onburg [1993], M onaco [1992] a n d  Neefijes and  
Ploegh [1992]. Som e m acrophages are  th o u g h t to be capable  of 
p rocessing  exogenous an tigens. These m acrophages express MHC
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c la ss  II recep tors on the ir surface [Neefijes & M om burg, 1993; 
M onaco, 1992].
T-cells a re  incapable of recognising an  an tigen  on its  own, the 
an tig en s  need  to be p rocessed , i.e. b roken down into sm all 
pep tides. These peptides a re  recognised by T-ceJls w hen  in 
asso c ia tio n  w ith MHC class I a n d  MHC class n  m olecules on the 
su rface  of an tigen  p resen ting  cells. Generally, he lper T-cells 
recognise  an tigen  in  the  context of MHC class II m olecules and  
su p p re s s o r /  cytotoxic T-cells recognise an tigen  in  th e  context of 
MHC c lass  I m olecules. For the  recognition of an tigen  by helper T- 
cells, th e  exogenous an tigen  is processed  by m acrophages [Neefijes 
& M om burg, 1993; Monaco, 1992; Neefijes & Pleogh, 1992]. 
M acrophages p rocess an  an tigen  in  3 stages: a) they  phagocytose 
th e  an tig en  w hich is la ter reduced  into fragm ents of a  few am ino 
ac ids [Neefijes & M omburg, 1993]. The endocytosed an tigens en ter 
first th e  early  endosom es th e n  the  late endosom es a n d  finally the 
lysosom es [Neefijes & Pleogh, 1992]. b) The fragm ents a re  b o und  to 
MHC c lass  n, c) MHC class II an tigens carry  these  fragm ents on the 
cell su rface  an d  p resen t them  to helper T-cells. If the  fragm ents do 
n o t b ind  to MHC class n  they  canno t s tim u la te  th e  im m une 
re sp o n se  [Neefijes & M om burg, 1993; Monaco, 1992].
O ther cells ap a rt from  the  m acrophages can  p resen t an tigen  to T- 
cells. D endritic  cells in  lym ph nodes function to trap  an tigens w ith 
th e ir  dendrites . B oth in terd ig itating  cells in  the  deep cortex  an d  the 
follicular dendritic  cells in  th e  germ inal centre  of activated  follicles 
carry  MHC class n  an d  are  capable of p resen ting  an tigen  to T-cells 
b u t  a re  poorly phagocytic. Follicular dendritic cells b ind  antibody- 
a n tig en  com plexes on the ir su rface  a n d  th en  shed  them  in  th e  form 
of ro u n d  beaded  s tru c tu re s . These s tru c tu re s  su b seq u en tly  b ind  to 
B -cells w hich  ingest an d  p rocess the  an tigen  a n d  p re se n t it to T- 
cells [Male et a l, 1993; Tizard, 1992].
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V an Rooijen [1990], in  a  review paper, em phasizes th a t s tud ies  in  
vivo a n d  in  vitro suggest th a t B-cells, T-cells, m acrophages and  
dendritic  cells co-operate  to produce an  im m une response. For 
exam ple, in  the  spleen, the  lym phoid cells an d  an tigens en te r the 
m arg inal zone th ro u g h  the  splenic arteries th en  B-cells m igrate 
tow ards the  co rpuscles w here som e of them  becom e m em ory cells 
u n d e r  the  influence of th e  follicular dendritic  cells. T-cells, on the  
o th er h an d , m igrate  tow ards the  PALS w here they  in te rac t w ith  the  
in terd ig itating  cells. Antigen-specific B-cells, w hen stim ulated , 
m igrate  tow ards th e  PALS, w here they  can  en coun ter the  antigen- 
specific T-cells, a n d  m a tu re  into p lasm a  cells. Once in  the  PALS, B- 
cells have the  opportun ity  of contacting  n u m ero u s T-cells, 
especially the  antigen-specific T-lym phocytes. The antigen-specific 
B-cells an d  the  group  of antigen-specific T-cells m igrate tow ards 
each  o ther. Therefore B-cells can  p resen t the  an tigen  to the  specific 
T-cells. S ubsequen tly  w ith  the  help of these  T-lym phocytes the  B- 
cells a re  enabled  to p roduce  antibodies. If the  an tigen  is in  a  form 
th a t  can n o t be p rocessed  by B-cells (e.g. en cap su la ted  in  liposomes) 
it is  p rocessed  by m acrophages an d  p resen ted  to the  T-cells. The 
m arg inal zone m acrophages can  ingest large quan titie s of an tigens 
becau se  they are  p laced  n e a r  the  w hite pulp  capillaries. T-cells and  
in terd ig itating  cells form c lu ste rs  in  the  in n er PALS while B-cells 
can  be found  in  th e  o u ter p a r t  of th e  PALS. C ontact w ith  bo th  types 
of cell is  essen tia l for a n  effective im m une response . In terdigitating 
cells have the  function  of stim ula ting  the  proliferation of antigen- 
specific T-cells.
1.7. Lymphocyte Activation and Maturation of the Immune 
Response
Lym phocyte activation  h a s  been  described by a  n u m b er of au th o rs  
[D ustin  & Springer, 1989; J u n e  et a l,  1989; G oldsm ith & Weiss, 
1988] a n d  is well reviewed by Male an d  co -au tho rs [1993] and  
Tizard [1992]. C ontact w ith  an tigen  p resen ting  cells is necessary  to
51
activate  T-cells. The first step  of activation involves adhesive 
in te rac tions betw een accessory  m olecules. CD2 an d  LFA-1 
(leukocyte functional antigen) are  the  m ost im p o rtan t T-cell surface 
m olecules involved. S tim ulation  occurs only w hen  there  is 
in te rac tion  betw een TCRs an d  MHC com plexes on the  an tigen  
p resen ting  cells or th e  targe t cells. The CD3 com plex delivers the  
in itia l activating signal. CD4 an d  CD8 are  b o u n d  to TCR a n d  
in te rac t w ith MHC class n  an d  I respectively. This is a n  im portan t 
stage for T-cell activation  [Male et al., 1993].
Male a n d  o thers [1993] a n d  Tizard [1992] note th a t  CD4+ helper T- 
cells can  b ind  to MHC c lass II a n d  activate antigen-specific B-cells. 
In terac tion  occurs betw een helper T-cells an d  B-cells th rough  MHC 
class n  an tigens du ring  the  first stage of activation. Leukocyte 
adherence  p ro te ins m ight also be involved. B-cells, after processing 
the  antigen , p re sen t it to helper T-cells using  MHC c lass n  an tigens 
on  th e ir surface a n d  the  TCR/CD3 complex on  th e  T-cell surface. 
This in te rac tion  triggers n o t only T-cells b u t also B-cells. MHC class 
H-TCR alone can n o t s tim u la te  in terac tion  betw een T- a n d  B-cells 
b ecau se  T- a n d  B-cells recognize different epitopes on  the  sam e 
m olecules.
M urine an d  h u m a n  helper T-cells have been  divided into two 
subpopu la tions, ThI a n d  Th2 , based  on the  p roduction  of cytokines 
a n d  th e ir activities. ThI cells p roduce IL2, in terferon  y (IFN y) a n d  
tu m o u r necrosis factor (3 (TNF-p), w hereas Th2 cells secrete EL4, 
IL5, IL6, IL10 a n d  ELI3. In addition, IL3, TNF-a a n d  granulocyte- 
m acrophage colony-stim ulating factor (GM-CSF) a re  p roduced  by 
bo th  ThI an d  Th 2 cells [Kelso, 1995; Del Prete e t al., 1994; 
M ossm ann & Coffman, 1989]. A th ird  su b se t h a s  been  identified, 
in  th e  m ouse, a s  ThO w hich in  the  p a s t w as a ssu m ed  to be the  
p rec u rso r of ThI a n d  Th2 cells. It is still n o t clear w hether or no t a  
single, naive p e rip h era l T-cell h a s  to p a ss  th ro u g h  the  u n res tric ted
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cytokine gene expression  typical of T hO stage before expressing  a  
m ore res tric ted  cytokine profile [Kelso, 1995].
M urine Th2 cells induce grow th of B-cells a n d  secretion  of Ig and  
they  can  also induce  response  in  th e  population  of resting  B-cells. 
ThI cells seem  to be able to stim ula te  antigen-specific secondary  
resp o n ses in  prim ed B-cells. IL2 is th e  m ost im portan t he lper factor 
p roduced  by ThI cells. ThI cells can  also su p p ress  the  B-cell 
resp o n se  by producing  IFNy. IFNy, w hen  produced  in  high 
q u an titie s  is im m unosuppressive, while in  low concen tra tions can  
en h an ce  som e im m une responses. Some ThI clones can  also be 
cytotoxic for activated  B-cells [M ossm ann & Coffm an, 1989].
Del Prete a n d  co-w orkers [1994] reported  th a t  only a  few h u m an  
CD4+ T-lym phocytes can  be classified a s  e ither ThI or Th2, while 
the  m ajority  of the  cells is sim ilar to m urine  ThO an d  produce IL1, 
IL4, IL5 a n d  IFNy. Th2 cells provide vital help  in  the  production  of Ig 
while ThI cells do so only occasionally. ThI cells a re  involved in 
delayed-type hypersensitiv ity  (DTH). Usually, m urine  CD8+ T-cells 
show  th e  THl-type cytokine profile a lthough  som e CD8+ T-cells, 
iso lated  from the  g u t m ucosa, secrete IL5. In h u m an s , CD8+ T- 
lym phocytes m ay also have a  heterogeneous cytokine phenotype. In 
m a n  a n d  m ouse, IL2 ac ts  a s  a  grow th an d  activating factor for ThI 
a n d  Th2 while IL4 a n d  IFNy have a n  opposite role in  proliferation 
a n d  cytokine sy n th esis  of TH2 and  ThI cells respectively.
In  Male a n d  co -au th o rs’ review[1993] it is no ted  th a t  because  B- 
cells a re  able to b ind  in ta c t antigens, they  produce antibodies 
d irected  ag a in st in ta c t m olecules. B-cell recep tors can  b ind  the 
an tigen  even w hen it is n o t processed  a lthough  helper T-cells are  
necessa ry  to stim u la te  the  B-cell response. After B-cells con tac t an  
an tigen  th a t  can  b ind  to the ir BCR, if s tim u la ted  by a  he lper T-cell, 
they  s ta r t  to divide a n d  differentiate. The new  B-cells develop a  
rough  endoplasm ic re ticu lum  to produce im m unoglobulins. They 
lose IgD a n d  s ta r t  to synthetisize IgM th a t  is specific for the
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an tigen . After a  few m ore days B-cells s ta r t  to p roduce IgG, IgA or 
IgE in s te a d  of IgM. The antibody affinity for the  an tigen  in c reases  
d u rin g  th e  p rogression  of the  im m u n e  response  due to progressive 
som atic  m u ta tio n  a n d  selection of B-cells expressing  h igh  a ffin ity  
BCR v a rian ts .
T hym us-independen t an tigens can  stim u la te  an tibody p roduction  
w ith o u t th e  help  of T-cells. They b ind  directly to B-cells. These 
a n tig en s  a re  repeating  polym ers w hich  have m ultip le  iden tica l 
ep itopes th a t  c a n  b ind  to BCR. The volum e of these  ep itopes is 
large enough  to provide sufficient s tim u la tion  for the  proliferation of 
a t  le a s t a  few B-cells. Lack of in te rleuk in s m akes im possib le th e  
sw itch  from  th e  p roduction  of Ig M to th e  p roduction  of th e  o th e r 
iso topes. A ctivated B-cells can  e ither m atu re  into p lasm a  cells or 
in to  m em ory cells.
P lasm a  cell b la s ts  a re  m ainly found  in  a reas  of T- a n d  B-cell co­
opera tions, su c h  a s  betw een th e  nodal cortex an d  th e  deep cortex  
a n d  in  th e  sp len ic  m an tle  zone. P lasm a cell b la s ts  m a tu re  in  th ese  
a re a s  a n d  becom e p lasm a  cells w hich th e n  m igrate  a n d  c a n  be 
fo und  th ro u g h o u t th e  body a lthough  they  ten d  to accu m u la te  in  th e  
sp leen , m edu lla  of lym ph node an d  bone m arrow . The p lasm a  cell Ig 
h a s  th e  sam e specificity a s  the  original BCR on the  original B-cell. 
The p la sm a  cell life-span  ranges from a  few days to a  few w eeks.
IL-1 a n d  IL-5 a s  well a s  the  th ird  com ponent of com plem ent (C3) 
a re  n ecessa ry  for the  developm ent of m em ory cells. A m em ory cell's 
BCR is sim ilar to th e  BCR on the  p a re n t B-cell a lthough  its  avidity  
for an tig en s  m igh t be increased  b ecause  of a  som atic  m u ta tio n . 
M any B-cells accum ula te  in  the  bone m arrow  w hich becom es a  very 
im p o rtan t o rgan  for the  secondary  im m une response.
The developm ent of the  germ inal cen tres is influenced by th e  
developm ent of m em ory B-cells. The cells in  the  germ inal cen tre s  
have  low  levels of BCR a n d  are  CD5+. The p roduction  of germ inal 
c en tres  is  T -dependent.
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1.8. Cell TrafHc
Male a n d  o th ers  [1993] em phasize th a t  lym phocyte rec ircu lation  is 
a  very im p o rtan t feature of the  im m une response  because  only a  
sm all n u m b er of lym phocytes are specific for one an tigen . The 
traffic of lym phocytes is therefore essen tia l to enable the  specific 
lym phocytes to encoun ter the ir antigen . Lym phocytes leave the  
blood stream  to en te r tis su es  an d  subsequen tly  re tu rn  to the  blood 
an d  rep ea t th is  process m any  tim es. Lymphocytic rec ircu la tion  
does n o t depend  on the  p resence of exogenous antigen, a n d  the  
secondary  lym phoid organs are  the  m ajor sites of the  recircu lation . 
Antigens, m obile an tigen  p resen ting  cells a n d  lym phocytes ten d  to 
accu m u la te  in  the  secondary  lym phoid o rgans w hen the  im m une 
resp o n se  develops. Leukocytes also m igrate tow ards non-lym phoid  
t is su e s  a lthough  the ir m igration ra te  is m u ch  slower th a n  th ro u g h  
secondary  lym phoid organs
In  all species, lym phocytes en te r a  lym ph node th rough  2 rou tes: 
afferent lym phatics or by crossing the  v ascu la r endothelium  into 
venu les (HEV) [Male et al., 1993; H opkins & McConnel, 1984]. The 
function  of the  m edullary  cords is to offer a  wide a rea  of co n tac t to 
enable  the  g rea test am o u n t of an tigen  to con tac t lym phocytes, 
m acrophages a n d  p lasm a  cells [Castenholz, 1992].
In  m any  species, i.e. m an, ra ts  an d  mice, h igh  endothelial venu les 
(HEV) are  m ade of one or 2 layers of co lum nar endothelia l cells 
[Made et al., 1993; Castenholz, 1992; H opkins & M cConnel, 1984]. 
They a re  norm ally  found  in  secondary  lym phoid tis su e s  a n d  are  
m ain ly  located  in  the  deep cortex of lym ph nodes a n d  Peyer’s 
p a tch es . No HEV have been  described  in  the  spleen, bone m arrow  
a n d  th y m u s [Castenholz, 1992; H opkins & M cConnel, 1984].
In sheep , athym ic n u d e  ra ts  a n d  n u d e  mice even if the  endo thelium  
of HEV is flat a n d  n o t co lum nar, there  is no im pairm en t of 
lym phocyte recircu lation  [Hopkins & McConnel, 1984]. As lym ph 
nodes in  sheep  do n o t have HEV, th e  blood vessel endo thelium
55
allows lym phocytic traffic [Castenholz, 1992; H opkins & M cConnel, 
1984]. In addition, it have been show n th a t  in  sheep  HEV c an  be 
in d u ced  in  o ther tis su es  by chronic inflam m ation w here there  is a  
g rea t am o u n t of lym phocyte ex travasation  [Hopkins & McConnel,
1984].
A dhesion m olecules on lym phocytes in te rac t w ith th e  recep to rs on 
HEV allowing th e  traffic of lym phocytes from the  blood in to  the  
lym phoid organs. This seem s to explain w hy B-lym phocytes m igrate  
th ro u g h  th e  deep cortex a n d  c an  be found sca tte red  in  T-cell a reas . 
Som e sca tte red  T-lym phocytes w hich in  m an , ra t  a n d  m ouse  are  
m ainly  helper T-cells are found in  B -areas suggesting th a t  they  
p robably  collaborate w ith the  B-cells in  the  im m une response . In 
fact th e  proliferation of B-cells in  the  follicles seem s to be alw ays 
assoc ia ted  w ith  the  presence of sca tte red  T-lym phocytes [Barclay, 
1982].
It is n o t c lear w hether the  lym phocytes respond  selectively to the  
p resence  of the ir specific an tigen  by leaving the  blood stream  an d  
m igrating  in to  the  tissues, or if the  m igration is a t random  a n d  the  
antigen-specific cells are  re ta ined  in  the  tissues.
E ndo thelia l cells express MHC class II m olecules w hich  are 
ind ispensib le  for the  m igration of CD4+ helper T-cells. Antigen- 
in d ep en d en t adhesion  to endothelia l cells tends to contro l the  
lym phocytic traffic, while the  antigen-specific adhesion  a p p ea rs  
only la te r in  the  im m une response  [Male et al., 1993; H opkins & 
M cConnel, 1984].
M ature  a n d  virgin lym phoid cells can  reach  the  APCs in  th e  T-cell 
a reas , b u t only the  m atu re  recircu lating  lym phocytes can  co n tac t 
th e  APCs. Antigen can  also be tran sp o rted  by B-cells in  com plexes 
or by m acrophages an d  th e n  con tac t FDCs. The ep iderm al 
L angerhans cells, after b inding a n  antigen , leave th e  epiderm is a n d  
c a n y  the  an tigen  to the  regional lym ph node. M igrating th ro u g h  the  
afferen t lym phatics they  reach  the  deep cortex of th e  lym ph node
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a n d  becom e APCs [White & Yager, 1995; Male et al., 1993; H opkins 
& M cConnel, 1984].
W hite a n d  Yager [1995] em phasize th a t L angerhans cells a re  
capab le  of p rocessing  native i.e. unm odified antigens.
It h a s  been  suggested  th a t epiderm al L angerhans cells con tro l the  
leukocyte traffic in  the  sk in  a n d  condition T-cells to hom e in to  the  
epiderm is. This hypothesis seem s to be confirm ed by th e  fac t th a t  
T-cells in  som e lym phoid d isorders su c h  as  m ycosis fungoides, 
seem  to have a  h igh  affinity for the  epiderm is a n d  accu m u la te  n e a r  
th e  L angerhans cells [Rowden & Lewis, 1976]. L angerhans cells, 
after leaving the  epiderm is decrease  the ir expression of endosom al 
an tig en s a n d  acquire  o ther m olecules su c h  as  ICAM-1 (in tercellu lar 
ad h esio n  m olecule-1) th a t enab les them  to in te rac t w ith  T-cells 
[White & Yager, 1995].
W hen a  lym ph node is s tim u la ted  by an  an tigen  th ere  is a n  
increase  in  blood flow [Male e t al., 1993] w hich is d u e  to 
en largem en t of the  post-capillary  venules m echanism  [Hopkins & 
M cConnel, 1984]. One or 2 days after the  an tigen  s tim u la tio n  a  
g rea te r n u m b er of lym phocytes leaves the  lym ph node b u t  th e  
antigen-specific cells a re  re ta ined  w ith in  the  lym ph node th ro u g h  
th e ir recognition of the  an tigen  p resen ted  by the  APCs [Male e t a l,
1993]. B ecause  the  antigen-specific lym phocytes are  betw een 0 .1%  
a n d  10%  of the  to ta l lym phocyte population , the  accu m u la tio n  of 
th ese  cells in  a  site of inflam m ation  is m asked  by th e  g rea te r 
n u m b e r of non-specific cells [Hopkins & McConnel, 1984].
W hen antigen-specific cells s ta r t  to proliferate an d  differentiate they  
lose th e  HEV adhesion  receptors. A loss of expression of IgD by the  
B-cells in  the  germ inal cen tre  is no ted  in  conjunction  w ith  a n  
in creased  expression  of MHC m olecules. Memory cells su b seq u en tly  
develop from  these  B-cells. After two days of lym phocytic 
proliferation, a  few lym phoblasts s ta r t  to leave the  lym ph node via 
th e  efferent lym phatics. These b las t cells have specific-hom ing
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p ro p erties  a n d  also have h igh  affinity for peripheral tis su e  [Male et 
a l ,  1993]. The m ajority of th e  recircu lating  B -b lasts a re  p recu rso rs  
of p la sm a  cells [Hopkins & M cConnell, 1984]. B-cells will finally 
localise in  th e  bone m arrow , or in  the  m ucosae a n d  develop into 
p la sm a  cells, while T-cells will localise into the  sites of inflam m ation 
a n d  secondary  lym phoid tissu es . After 4 or 5 days th e  n u m b er of 
b la s t cells leaving the  lym ph node increases while th e  m em ory cells 
s ta r t  to rec ircu la te  into th e  blood stream . Memory cells re-express 
th e ir  hom ing  recep tors [Male e t a l,  1993].
B ecau se  only a  few lym phocytes im m unocom peten t for a  specific 
an tig en  a re  p resen t in  the  body, th e  traffic of lym phocytes is a  very 
im p o rta n t com ponent of th e  im m une system . The p u rp o se  of th is  
m ech an ism  is n o t only to increase  th e  probability  of the  
lym phocytes contacting  th e  specific an tigen  b u t also doing so in  the  
ap p ro p ria te  m icroenvironm ent i.e. in  the  proxim ity of an tigen  
p resen tin g  cells [Pabs & B inns, 1992].
M ost of th e  inform ation available on  the  im m une system  refers to 
re se a rc h  in  m an , sheep  a n d  roden ts . W ith th e  p roduction  of specific 
an ti-can in e  reagen ts a n d  th e  discovery of cross-reactiv ity  of som e of 
th e  h u m a n  a n d  m urine  an tigens w ith  the  dog it w as finally possible 
to s ta r t  to exam ine the  cell type a n d  the  d istribu tion  of an tibodies 
in  th e  dog [Cobbold & Metcalfe, 1994; Jo n e s  et a l ,  1993]. A m ore 
de ta iled  review  of th is  w ork is p resen ted  in  C hap ter 3, w here the  
valid ity  of th e  app lication  of m onoclonal leukocyte an tibod ies to the  
dog is a ssessed .
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CHAPTER 2
Introduction
This ch ap te r describes the  m ateria ls an d  m ethods u sed  
th ro u g h o u t th is  study . E valuation of reagen ts an d  techn iques is 
de ta iled  in  C hap ters 3 a n d  4. Application of reagen ts  and  
tech n iq u es to cu tan eo u s lym pho-histiocytic d isorders in  the  dog is 
d isc u sse d  in  C hap ters 5, 6, 7, 8 an d  9.
MATERIALS AND METHODS
2.1. Materials
2.1.1. Leukocyte Antibodies
The m ajority  of cell m ark e rs  u sed  in  th is  study  were detected  by 
newly developed m onoclonal antibodies ra ised  ag a in st cell 
m em brane  an tigens of can ine or h u m a n  leukocytes.
Anti-Canine Antibodies. A selection of ra t  an ti-can ine  leukocyte 
m ark e rs  from those sub m itted  for inclusion  in  CLAW were 
provided by Dr. S. Cobbold for evaluation in  im m uno- 
h istochem istry . Pilot s tu d ies  utilizing cryostat sections of norm al 
can ine  lym ph node rapid ly  confirm ed th a t 7 of these  antibodies 
CLAW7, CLAW29, CLAW34, CLAW64, CLAW 102, CLAW 103 and  
CLAW 106, listed  in  Table 3 .1 ., were u n su itab le  in  the  Glasgow 
U niversity  V eterinary School system  for im m unohistochem istiy  
a n d  they  were excluded from  fu rth e r stud ies.
The rem ain ing  antibodies, CLAW1 (CD5), CLAW5 (MHC-II), CLAW8 
(CD4), CLAW9 (CD45pan), CLAW11 (CD8a), CLAW 13 (CD45RA), 
CLAW91 (THY-1) a n d  CLAW94 (CD8a), all directed aga in st ex ternal 
an tigens, were effective on cryosta t sections b u t a s  expected were 
inactive on  paraffin  p rocessed  tis su e s  Table 3.2.
Anti-H um an Antibodies. Five m ouse m onoclonal an tibodies directed 
ag a in st th e  in te rn a l pep tides of h u m an  leukocyte an tigens (CD3, 
CD5, CD68, CD 79a a n d  CD79b) provided by Dr. D. M ason a n d  his
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co-w orkers a t Oxford, were active on both  c iy o sta t an d  paraffin 
sections of can ine tissu es.
Commercial Reagents. Com m ercial reagen ts were em ployed as 
add itional s ta in ing  for m onocytes/ m acrophages. MAC387 (DAKO 
code: M747) is a  m onoclonal m ouse a n ti-h u m a n  m yeloid/ 
h istiocyte antibody.
Anti-lysozyme antibody  (DAKO code: A099) is a  polyclonal rabb it 
a n ti-h u m a n  antibody  sta in ing  granulocytes a n d  m onocytes/ 
m acrophages. They bo th  can  be applied to c ryosta t a n d  paraffin 
em bedded  tissu es. All these  reagents constitu te  Panel 1. D ilutions, 
specificity an d  application  are  listed in  Table 3 .2 .
Anti-Canine Antibodies fo r  Flow Cytometry. A fu rth e r two reagents, 
CLAW47 (CVS31) a n d  CLAW48 (CVS32), w ere supp lied  by Dr. M. 
Holm es for u se  a s  B-cell m arkers  in  flow cytom etry. These m arkers 
w ere n o t effective in  im m unohistology (Dr. M. Holmes, personal 
com m unication). Three T-cell m arkers, CLAW8 (CD4), CLAW94 
(CD8a) a n d  CLAW91 (THY-1), were selected from  the  previous 
p ane l to be u se d  in  flow cytom etry in  con junction  w ith  the  two B- 
cell m arkers. These five m arkers consitu te  P anel 2. D ilutions and  
specificity are  listed  in  Table 4.1.
2.1.2. Reagents
2.1.2.1. Alkaline Phosphatase Substrate Solution A
N apthol AS-MX p h o sp h a tase , free acid (SIGMA) 2m g
0.1M  TBS pH 8.2 9 .8m l
D im ethylform am ide (SIGMA) 0 .2m l
1M levam isole (SIGMA) 10-30pl
F ast-red  TR Salt (SIGMA) lOmg
The n ap h th o l AS-MX phosphate  w as dissolved in 
diem ethylform am ide a n d  d ilu ted  to 10ml w ith  TBS (pH 8.2). The 
levam isole w as added  a n d  th en  F ast-red  w as dissolved. The 
so lu tion  w as filtered directly  on to the  slides.
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2.1.2.2. Alkaline Phosphatase Substrate Solution B
A tab le t contain ing  nap th o l phosphate , F ast-red  an d  levam isole 
w as dissolved in  2m l of 0.1M TRIS-HCL buffer, pH 8.2 a n d  th e n  
filtered on to the  slides.
2.1.2.3. Peroxidase Substrate Solution A
D iam inobenzidine tetrach loride  (DAB) 0 .05m g
3% H202 0 .3m l
TBS 100m l
2.1.2.4. Peroxidase Substrate Solution B
Sigm a F ast DAB Peroxidase su b s tra te  table se t (SIGMA) co n ta in s  a  
DAB tab let an d  a  u re a  tab le t w hich w hen dissolved in  5m l H20
resu lts  in
DAB 0 .7 m g /l
U rea hydrogen peroxidase 2 m g /m l
TBS 0.06M
2.1.2.5. Neutral Buffered Formalin (NBF)
NBF w as com posed of 900m l tap  w ater, 100m l concen tra ted  
form aldehyde (40% w /v), 4.6g sodium  dihydrogen o rth o p h o sp h a te  
a n d  8.0g d ipo tassium  hydrogen o rthophosphate .
2.1.2.6. Mercuric Chloride Solution
M ecuric chloride so lu tion  w as com posed of 900m l of a  sa tu ra te d  
aqu eo u s so lu tion  of m ercuric  chloride (w/v) an d  of 100m l of 
concen tra ted  form aldehyde (40% w /v).
2.1.2.7. TRIS Buffered Solution (TBS)
TBS w ith  a  pH 7.5 w as u se d  for w ashing in  bo th  APAAP a n d  ABC 
m ethods. TBS w as m ade of NaCl 116.9g, TRISMA base  24.2g, 
EDTA 6.7g a n d  distilled w ater 1900ml.
2.1.2.8. Gallego Solution
Gallego so lu tion  is com posed of 5m l of form alin, 2 .5  m l of acetic 
acid  a n d  500m l of distilled w ater.
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2.1.3. Animals
H ealthy dogs a n d  dogs affected by lym phohistiocytic d iso rders 
w ere stu d ied  in  th is  project. The an im als involved in  th is  project 
c an  be subdiv ided  into 3 groups: G roup 1 were h ea lth y  dogs 
destroyed  for social reasons. T issue sam ples were tak e n  a t  p o st­
m ortem  exam ination  a t GUVS (Glasgow U niversity V eterinary  
School), im m ediately after eu th an as ia . G roup 2 were h ea lth y  dogs 
bled  du ring  th e ir s tay  a t  the  Glasgow V eterinary  School a s  a  
ro u tin e  p rocedure  for elective surgeiy . Portions of th ese  blood 
sam p les rem ain ing  after the  p rim ary  exam ination  h a d  been  carried  
o u t were m ade available for th is  study . G roup 3 inc luded  dogs 
affected by different lym phohistiocytic d isorders provided by GUVS 
a n d  veterinary  p rac tices in  the Glasgow area. T issue a n d  blood 
sam ples were tak en  from each dog to investigate a n d  m onito r the  
d isease.
2.1.4. Tissues
The following can ine tissu e  sam ples were u sed  in  th is  s tu d y  for the  
validation  of no rm al sta in ing  pa tte rn : lym ph nodes, thym us, 
spleen, a n d  sk in . A fresh  sam ple a n d  a  sam ple  fixed in  10% 
n e u tra l  buffered form alin (NBF) w ere ob tained  from  each  case. The 
fresh  tis su e  sam ples were sn ap  frozen in  liquid n itrogen  a n d  sto red  
a t  -70°C.
Form alin  fixed (for a t least 24 hours) sam ples of lym ph node, 
sp leen  a n d  th y m u s were post-fixed in  m ercuric  chloride for ab o u t 
2 days a n d  subsequen tly  em bedded in paraffin  wax. C u tan eo u s 
sam ples were n o t post-fixed in  4%  sa tu ra te d  solution.
2.1.5. Cryostat Sections
Sections were c u t from frozen tis su e s  using  a  c iy o sta t (Reichert- 
J u n g  Mod. 2700-Frigocut) a t 5 -8 ^im, slides were coated  w ith  
poly-L-lysine, fixed in  acetone, th en  air-dried , w rapped  in
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alu m in ium  foil a n d  sto red  a t -20°C u n til required. Sections were 
th e n  b ro u g h t to room  tem peratu re , unw rapped, p laced in  TBS for 5 
m in u te s  before stain ing.
2.1.6. Paraffin Sections
Slides for paraffin  sections were coated w ith  3- 
am inopropyltriethoxysilane 98%  (Alderich Code No. 11,339-5) in  a  
2%  so lu tion  w ith  acetone.
S ections were c u t w ith  a  m icrotom e (Leitz 1512) a t 2-3 pm  th e n  de- 
paraffin ised , re -hyd ra ted  a n d  im m ersed in  Lugols Iodine (iodine 
0 .5g a n d  100m l 70%  ethanol) for 2.5 m inu tes, followed by 
im m ersion  in  5%  sodium  th io su lpha te  (sodium  th io su lp h a te  5% 
w /v  in  distilled water) to rem ove m ercuric  chloride p igm ent before 
im m unosta in ing .
2.2. Staining Procedures
2.2.1. Haematoxylin and Eosin
One section  from  each  sam ple w as s ta ined  w ith H aem atoxylin and  
E osin  [Bancroft & Stevens, 1982].
2.2.2. Periodic Acid -Selliff Reaction (PAS)
A s ta n d a rd  techn ique  w as u sed  for PAS sta in ing  [Bancroft & 
S tevens, 1982].
2.2.3. Wade-Fite
A s ta n d a rd  techn ique  w as u se d  for W ade-Fite sta in ing  [Cullin, 
1974].
2.2.4. Engbaek Gram’s
1) sections to w ater a s  described  in  Section 2 .1 .6 .,
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2) 1% crysta l violet (filtered) for 2 m in, th en  w ash  in  w ater to 
rem ove excess dye,
3) Lugol iodine for 5 m in, th en  w ash  in  ru n n in g  w ater,
4) decolourise sections in  acetone, th e n  w ash  in  w ater,
5) carbo l fuchsin  (1 /6  d ilu tion  in  water) 1 m in 30 sec, th e n  w ash  in 
w ater,
6) Gallego so lu tion  for 2 m in, th e n  w ash  in  w ater,
7) d ips in  acetone,
8) d ips in  ace to n e /p ritic  acid,
9) d ips in  acetone,
10) d ips in  acetone/xylene,
11) xylene, m ount.
R esu lts :G ram ’s + bacteria  - Blue 
G ram ’s - bacteria  - red
2.2.5. Auraznine-Rhodamine B Method for Acid Fast Bacilli 
(Brownlee Laboratory- Ruchill Hospital Modification)
1) deparaffinize in arach iso il/xy lo l (1 p a rt g ro u n d n u t o il/ 2 p a rts  
xylol) for 2 changes (10 m in a n d  5 min),
2) d ra in  a n d  carefully blot dry,
3) s ta in in g  so lu tion  [auram ine, rhodam ine B, glycerin, phenol 
(liquified a t  60°C) an d  distilled water] a t 60°C for 10 m in, th en  
w ash  in  w ater,
4) d ifferentiate  in  acid alcohol 3 0 /6 0  sec, th e n  w ash  in  w ater,
5) co u n te rs ta in  in  0 .5%  p o tassiu m  perm anganate , th e n  w ash  in 
w ater,
6) b lo t dry,
7) dehyd ra te  quickly a n d  m o u n t in  UNIVERT or s im ilar UV 
res in o u s  m o u n tan t.
R esults: ACID FAST BACILLI - yellow 
B ackground  - d a rk
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2.2.6. Alkaline Phosphatase Anti-Alkaline Phosphatase 
(APAAP) Method
1) w ash  th ree  tim es in  TBS for 3 m in each;
2) in cu b a te  1% norm al rab b it se rum  [20min a t room  tem perature];
3) in cu b a te  prim ary  antibodies, a t the  d ilu tion  repo rted  in  Table
3 .2 , for 60 min a t room  tem pera tu re . Antibodies were d ilu ted  in  
0.1%  (100 mg) bovine se ru m  album in  (BSA) + 0 .01  (10 mg) Na 
azide in  100 m l TBS 60  m in. W ash th ree  tim es in  TBS;
4) in cu b a te  rab b it an ti-ra t im m unoglobulins (DAKO code: Z455) or 
rab b it an ti-m ouse  im m unoglobulins (DAKO code: Z259) [30 m in  a t 
room  tem peratu re], w ash  th ree  tim es in  TBS;
5) in cu b a te  ra t  APAAP (DAKO code: D488) or m ouse  APAAP (DAKO 
code: D651) [30 m in  a t room  tem perature], w ash  th ree  tim es in  
TBS;
6) in cu b a te  rab b it an ti-ra t im m unoglobulins or rab b it an ti-m ouse  
im m unoglobulins [10 m in a t  room  tem perature], w ash  th ree  tim es 
in  TBS;
7) in cu b a te  ra t  APAAP or m ouse APAAP [10 min a t room  
tem peratu re], w ash  th ree  tim es in  TBS;
8) p rep a re  alkaline p h o sp h a tase  su b s tra te  (DAKO)/Fast Red TR 
(SIGMA Ltd D orset, code: F-2768) an d  add  to slides for 5 m in a t 
room  tem pera tu re ; w ash  in  w ater;
9) co u n te rs ta in  w ith  a  light n u c lea r s ta in  (M ayers-Haematoxylin),
10) w ash  in  w ater a n d  m o u n t in  aqueous m o u n ta n t (Glycergel, 
DAKO).
2.2.7. Avidin-Biotin Complex (ABC) Method
1) dew ax slides in  xylene a n d  hydrate  th rough  graded  alcohols to 
w ater a s  described  in  Section 2 .1 .6 .,
2) m icrowave a t 850 W atts for 7 m in (modified from Turley et al.,
1994) or p re ssu re  cook (Prestige, heavy) for 2 m in (in 0 .0 1M tri- 
Sodium  citrate), w ash  *
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3) endogenous peroxidase quenching  [solution of 10m l H2 O2  (30%) 
a n d  100m l m ethano l for 30 min],
4) in cu b a te  1% norm al rab b it se rum  [30 m in  a t room  
tem pera tu re],
5) in cu b a te  prim ary  antibodies, a t the  d ilu tions lis ted  in  Table 3.2, 
for 60 m in a t room  tem pera tu re . Antibodies w ere d ilu ted  in  0 .1%  
BSA + 0 .01%  Na azide in  100 m l TBS. W ash th ree  tim es in  TBS;
6) in cu b a te  biotinylated an tibody  [30 m in  a t room  tem perature]*, 
w a sh  th ree  tim es in  TBS;
7) in cu b a te  avidin-biotin-peroxidase complex [45-60 m in a t  room  
tem perature]* , w ash  th ree  tim es in  TBS;
8) p rep a re  chrom agen 3,3 diam ino benzidine DAB Tablets (SIGMA 
code: D-4293) d ilu ted  in  5 m l of w ater an d  add  to slides for 5 m in  
a t  room  tem pera tu re ,
9) w a sh  in  w ater,
10) c o u n te rs ta in  w ith  a  n u c lea r s ta in  (Gills Haem atoxylin) a n d  
m o u n t w ith  DPX m o u n tan t.
2.2.4. Mac387 and Anti-Lysozyme
Slides to be s ta in ed  w ith  MAC387 (DAKO code: M747) a n d  an ti- 
lysozym e (DAKO code: A099) were no t m icrowaved, b u t w ere 
p laced  in  a  so lu tion  of 10m l H2 O2  (30%) a n d  100m l m eth an o l for 30 
m in u te s  to q u en ch  the  endogenous peroxidase. S lides w ere w ashed  
3 tim es in  TBS a n d  trypsin ised  in  0 .1%  (100 mg) try p sin  a n d  0 .1%  
(100 mg) calcium  chloride in  TBS for 30 m in u tes  a t  37°C. Sections 
w ere w ash ed  again  3 tim es in  TBS. Norm al goat se ru m  (*) w as 
app lied  for anti-lysozym e, while no rm al ho rse  se ru m  (*) w as u se d  
for M ac387, for 30 m in u tes  a t  room  tem pera tu re . M ac387 a n d  
anti-lysozym e were applied  to th e  slides a n d  left overnight, after 
w h ich  it w as th e  sam e m ethod  a s  for the  o ther an tibod ies from 
s tep  5 of th e  ABC m ethod  onw ards.
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(*) Vector L aboratories Ltd, Peterborough: V ectastain  ABC Kit- 
peroxidase  m ouse  IgG (code: PK-4002) a n d  V ectastain  ABC Kit- 
peroxidase rab b it IgG (code: PK-4001).
2.3. Slide Reading
The deep an d  superficial cortex, germ inal cen tre  a n d  m an tle  zone 
of lym phoid follicles a n d  m edulla  of lym ph node were exam ined. 
Red pulp , peria rte rio la r lym phoid sh e a th s  (PALS), corpuscles an d  
m arg inal zones w ere exam ined in  the  spleen; cortex a n d  m edu lla  in  
the  th y m u s a n d  epiderm is an d  derm is in  th e  skin . The proportion  
of positive cells in  the  selected a reas w as estim ated  visually  u sing  
a  10x objective on a  Leitz m icroscope (SM LUX). After s tudy ing  a  
large n u m b er of slides an d  considering the  different m ethods of 
coun ting  u tilised  by o ther au tho rs , a  decision w as m ade to record 
re su lts  a s  one of six g roups. In the  text a n d /o r  tab les re su lts  are 
therefore repo rted  a s  follow: (-) or (0) w hen no sta in ing  p resen t, (+) 
or (< 10%) w ith  sca tte red  positive cells recorded per selected  area, 
(++) or (25%) w hen  visually  one q u a rte r  of the  cells w as positive, 
(+++) or (50%) w ith  h a lf  of the  cells being positively sta ined , (++++) 
or (75%) ind icating  th ree  q u a rte rs  of v isually  positive cells, an d  
(+++++) or (100%) w hen  all or a lm ost all of th e  cells were positive 
a n d  the  selected  a re a  w as fully an d  strongly sta ined .
Slides were a sse ssed  in  ba tch es a n d  a  n u m b er of slides w ere re ­
read  b lind  (section a n d  m arker) by the  operator to confirm  th a t 
co n sis ten t re su lts  w ere being achieved.
2.4. Problems
V arious problem s were encoun ter u sing  im m unohistochem istry .
Rat Anti-Canine Monoclonal Markers: th ese  m arkers, a s  s ta te d  
above, w ork only on cryosta t sections. Two difficulties were 
experienced w ith  m ateria l s ta in ed  w ith these  techn iques. The first 
one w as the  collection of fresh  sam ples w hich  needed to be frozen
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im m ediately  after excision. The second problem  encoun tered  w as 
th a t  th e  m orphology of the  tissu e  an d  boundary  of the  cells in  
c ryosta t section  w ere no t a s  well defined as in  paraffin  em bedded 
tis su e s .
M ouse Anti-H um an Monoclonal Markers: these  b ind  to cytoplasm ic 
pep tides a n d  therefore the  cell m em branes need  to be 
perm eabilized to allow  the  m arkers to penetra te  in to  the  
cytoplasm . M icrowaving h a s  been  successfully  u sed  to u n m ask  
leukocyte an tigens, a s  described by Turley an d  o thers (1994). In 
th e  course  of th is  project, it w as no ted  th a t  the  d u ra tio n  of 
m icrow aving sh o u ld  be ad ju sted  for the  different tissu es. Poor 
m orphology a n d  tis su e  d isin tegration  w as a  frequent problem  w ith 
th e  splenic red  pu lp ; som etim es loss of tissu e  occurred  before 
perm eabilization  h a d  been achieved. The sk in  also p resen ted  
prob lem s w hen  m icrowaved; the  epiderm is can  be easily dam aged, 
collagen fibres m ay  sep ara te  an d  coagulate and  p a rt of the  
su b c u tis  can  be lost.
Background Stain: C ryosta t an d  paraffin sections were found  to 
c au se  problem s w ith  som e background  staining. R esidues of F ast 
Red in  the  APAAP techn ique  an d  leakage of s ta in  betw een cells, 
o ccu rred  in  both .
As a  re su lt of all th ese  problem s som e slides were repeated  a  
n u m b er of tim es in  o rder to achieve good quality  of stain ing .
2.5. Flow Cytometry
2.5.1. Blood
Blood w as collected from dogs during  their s tay  a t the  Glasgow 
V eterinary  School or from  veterinary  p rac tices in  the  G lasgow area. 
All dogs h a d  been  b led for d iagnostic pu rposes and  the  rem ainder 
(2 ml) of the  sam p les (collected in  EDTA tubes) were u sed  for th is  
s tudy . Total w hite cell and  differential coun ts were perform ed on 
whole blood before sep ara tio n  of the  w hite cells. Blood cell co u n ts
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w ere perform ed using  an  A utom atic Cell C ounter (Abx M inos Vet, 
Roche P roduc ts Ltd, Hertfordshire).
2.5.2. Cell Preparation
The two m illilitres of blood were d ilu ted  into phosphate-buffered  
sa line  (PBS, Roche P roducts Ltd) 1:1. The so lu tion  w as th en  
layered  on  H istopaque-1077 (SIGMA) an d  m ononuclear cells were 
iso la ted  by centrifugation  (45m in a t  648g). The resu ltin g  cell 
su sp e n s io n  con ta ined  m ainly m ononuclear cells an d  less th a n  2%. 
granu locy tes.
2.5.3. Method
The sep a ra ted  cells were resu sp en d ed  in  PBS a n d  centrifuged 
(5m in a t  335g). The su p e rn a ta n t w as d iscarded  a n d  th e  pellet 
re su sp e n d ed  in  PBS for 2 m ore w ashes.
The pellet w as again  resu sp en d ed  in  PBS an d  2 5 jli1 a liquo ts were 
trasfe rred  to 2054  Falcon tubes . Then 25pl of the  p rim ary  
an tibod ies, P anel 2, were applied  for 30 m in a t room  tem pera tu re . 
After 2 w ashes in  PBS were perform ed, 50 |il of con jugated  
secondary  an tibody  [FITC/PE conjugated  -F fa b ^  fragm ent of 
rab b it a n ti- ra t IgG (Dako code: F234)] were added  a n d  in cu b a ted  
for 20 m in  on ice. Two w ashes were carried  o u t again, th e n  the  
pellets were resu sp en d ed  in  PBS a n d  fixed in  1% 
paraform aldehyde. Sam ples were exam ined by fluorescence 
activa ted  cell so rte r (Coulter EPICS Elite, C oulter Ltd. Luthon). 
R esu lts  a re  expressed  in  percen tages of positive cells a n d  abso lu te  
n u m b e rs  w ere calculated.
2.5.4. Statistics
S ta tis tica l investigations were n o t applied  to im m unohistochem ical 
re su lts  because  they  were validated  by subjective m eans.
Flow cytom etric d a ta  were sub jec ted  to sta tis tica l analysis.
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H ealthy dogs were divided into subgroups according to the ir age, 
sex a n d  b reeds to estab lish  a  norm al range (C hapter 4). The m ean 
n u m b er, s ta n d a rd  deviation (SD), m inim um  an d  m axim um  range 
were ca lcu la ted  using  MINITAB (Minitab inc., Microsoft 
C orporation, USA). The sam e p aram eters  were calcu lated  for dogs 
affected by chronic cu tan eo u s derm atitis  (C hapter 7) a n d  anal 
fu ru n cu lo sis  (C hapter 8) a n d  le th a l acroderm atitis (C hapter 9).
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SECTIO N II  
NORMAL TISSU E AND BLOOD CELLS
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CHAPTER 3. NORMAL LYMPHOID TISSUES
3.1. Introduction
The u tilization  of m onoclonal an tibodies to de tect an d  define 
su rface  an tigens of leukocytes h a s  been estab lished  in  m an  an d  
ro d en ts  for a  n u m b er of years [Barclay et a l, 1993]. U ntil recently, 
the  recognition of su c h  antigenic lym phoid assoc ia ted  m ark e rs  h a s  
been  restric ted , in  th e  dog, to a  very sm all n u m b er of m ark e rs  
[Deeg e t a l,  1987; D overen et a l,  1986; Doveren et a l ,  1985]. Cell 
recognition depended  on  sim ple morphology, s ta n d a rd  histological 
s ta in s  or la tterly  th e  application  of im m unoreagen ts to de tect 
cytoplasm ic enzym es or in term ediate  filam ents. R esearch  into 
can ine  leukocyte functions an d  d isorders h a s  been  facilitated  by 
the  discovery th a t  som e an tibodies directed ag a in st h u m a n  
leukocyte an tigens will c ross reac t w ith surface m ark e rs  on can ine  
lym phocytes [C habanne et a l,  1994; Moore et al,, 1992; G reenlee et 
a l,  1987] an d  th a t  an tibod ies ra ised  aga in st in te rn a l peptide 
sequences p resen t in  h u m a n  a n d  m urine  T- a n d  B-cell assoc iated  
m olecules cross reac t w ith  a  n u m b er of different species [Jones et 
a l, 1993]. In addition, som e m onoclonal an tibodies ra ised  ag a in st 
can ine  leukocyte an tigens have been  developed a n d  assigned  to 
C lu ste rs  of D ifferentiation according to the  h u m a n  classification  in  
the  firs t in te rn a tio n a l can ine leukocyte an tigen  w orkshop (CLAW 
1993) [Cobbold et a l, 1994; Holm es & Lunn, 1994],
The aim  of th is  s tu d y  w as to a sse ss  w hether th e  various reagen ts 
described  in  C hap ter 2 could  be u sed  in  im m unohistology on e ither 
frozen or paraffin sections a n d  to estab lish  no rm al p a tte rn s  of 
reactiv ity  in  healthy  can ine  lym phoid tissues.
As described  in  tex tbooks [Tizard, 1992; Henry, 1990] th e  
superfic ial cortex of th e  lym ph node of m an  a n d  ro d en ts  is a  B-cell 
a re a  b u t  som e sca tte red  T-cells c an  be found. The activated  follicles 
are  divided into the  in n er germ inal cen tre  (B- a n d  T-cells) a n d  the  
o u te r m an tle  zone (B-cells). The deep cortex or paracortex  is a  T-
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cell a re a  a n d  the  m edu lla  is a  T- a n d  B-cell a rea  in  bo th  h u m a n  
a n d  an im als. In the  splenic w hite pulp , the  periarterio lar lym phoid 
sh e a th s  (PALS) are  T-cell a reas  an d  the  m arginal zone is a  m ixed T- 
a n d  B-cell a rea . The activated  follicles or corpuscles are  equivalent 
to those  in  the  lym ph node. The thym us is a  T-cell o rgan b u t 
trafficking B-cells can  be found.
3.2. Materials and Methods
Sam ples of no rm al tis su e s  were tak en  from 13 healthy  dogs, 
destroyed  for social reasons, im m ediately after eu th an as ia . The 
dogs were of different b reeds an d  sexes an d  aged betw een 5 
m o n th s  an d  11 years.
Lym ph node sam ples (popliteal, axillary an d  m esenteric  lym ph 
nodes) from  13 dogs, sp leen  from 6 dogs an d  thym us from 4  dogs 
w ere frozen. In  addition, lym ph node sam ples (popliteal, axillary 
a n d  m esen teric  lym ph nodes) from 10 dogs, sp leen  from 6 dogs 
a n d  th y m u s from 4 dogs were fixed in  formalin .
For a n ti-h u m a n  CD68 (KP1), sam ples of lym ph nodes (popliteal 
a n d  axillary), liver, lungs, sk in  a n d  sp leen  were rem oved from 
twelve hea lth y  dogs, e u th a n ased  for social reasons, im m ediately 
after e u th a n as ia . The dogs were of different b reeds a n d  sexes an d  
w ere aged betw een two a n d  fifteen years.
A to ta l of tw enty m onoclonal leukocyte antibodies were available 
for th is  project, seven of w hich  were show n to be u n su itab le  for 
im m unohistology a n d  d iscarded  from fu rth er testing  (Table 3.1.). 
The rem ain ing  eight an ti-can ine  a n d  five a n ti-h u m a n  m onoclonal 
leukocyte an tibod ies were verified on  norm al can ine tissues. These 
th ir te e n  an tibod ies were finally elected to constitu te  the  first panel 
(Panel 1). Specificities, d ilu tions an d  sources are  given in  full in  
Table 3.2.
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Antibodies Clone No. Staining Faults
CD7 (CLAW 34) DOG 29-1 w eak stain ing +
pure antibody quite strong 
background
CD10/ 19/39 DOG 22-2 negative
(CLAW 29) pure antibody
CD 1 1 a /18 (CLAW 7) YKEX 490.6.4 no t specific stain ing
concentrated + strong background
supernatan t
CD 11c (CLAW 103) CA.11.6A1
concentrated
supernatan t
very weak stain ing
CD 11a (CLAW 102) CA11.4D3
concentrated
supernatan t
negative
CLAW 64 6B7
pure antibody
negative
CLAW 106 CA2.5G2 
diluted ascites
negative
Table 3.1. Staining faults of the discarded antibodies.
Source: Dr. S. Cobbold, New Addenbrookes Hospital, Cambridge 
University.
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Antibodies Clone No. Specificity Application Dilution Source
T-Cell Markers
THY-1 (CLAW YKEX pro thymocytes, c iyostat 1 /1 ,0 0 0 1
91) 337.217.7 thymocytes and  T- 
cells
sections
FACS 1 /1 0 0
CD3 P C 3/188/A 3 thymocytes and  
m ature T-cells
c iyostat and 
paraffin sections
1 /10 2
CD4 (CLAW 8) YKDC
302.9.3.7
T -helper/inducer 
cells, monocytes 
and m acrophages
ciyostat
sections
FACS
1/100 ,000
1 /1 0 0
1
CD8a (CLAW 9, YCATE T-cyto toxic/ ciyostat 1 /1 ,0 0 0 1
CLAW 11) 55.9.1
YCATE
60.3.9
suppressor cells sections
FACS 1 /1 0 0
B-Cell Markers
CD79a HM57(MB1) B-cells ciyosta t and  
paraffin sections
1 /1 0 2
CD79b B 29 /123 B-cells ciyostat and  
paraffin sections
1 /1 0 2
Pan Leukocyte Markers
C D 45pan YKDC pan  leukocytes cry os ta t 1 /1 ,0 0 0 1
(CLAW 9) 716.13.2 sections
CD45RA YKDC B-cells, T-cell c iyostat 1 /10 ,000 1
(CLAW 13) 753.2.21 su b se t and sections
CD5 (CLAW 1) YKDC 322.3.2
monocytes 
thymocytes, T-cells c iyostat 1 /10 ,000 1
CDS C D 5/54 /F 6 and  B-cell su b se t sections 1 /1 0 2
Major Histocompatibility Complex Class II
MHC-n (CLAW YKDC 334.2.1 B-cells, monocytes, ciyostat 1 /1 0 ,0 0 0 1
5) dendritic cells, 
Langerhans cells 
and  activated T- 
cells
sections
Monocyte /Macrophage Markers
MAC 387 M747 granulocytes, 
monocytes and  
histiocytes
ciyostat and  
paraffin sections
1 /3 0 0 3
Lysozyme A099 granulocytes, 
monocytes and  
m acrophages
ciyostat and  
paraffin sections
1 /4 ,000
1 /8 ,0 0 0
3
CD68 KP1 monocyte and  
m acrophages
paraffin sections 1 /1 0 2
Table 3 .2 . Sources, dilutions and  specificities of Panel 1 antibodies.
Source 1: Dr. S. Cobbold, New Addenbrookes Hospital, Cambridge University Source 2: 
Dr. D. M ason, Jo h n  Radcliffe Hospital, Oxford University Source 3: Dako Ltd, High 
Wycombe, B ucks.
75
H aem atoxilin  a n d  Eosin  s ta in ing  w as perform ed on  each  sam ple. 
Im m unocytochem istry , utilizing alkaline p h o sp h a tase  a n ti-alka line 
p h o sp h a ta se  (APAAP) or th e  Avidin-Biotin Complex (ABC) m ethods, 
w as app lied  to sam ples from  lym ph node, spleen, a n d  thym us.
F o u r slides were c u t for sta in ing  w ith  CD68, two slides w ere 
m icrow aved a n d  s ta in ed  w ith  e ither ABC an d  APAAP m ethods; one 
slide w as tiypsin ized  a n d  one slide w as n o t tiypsin ized  a n d  bo th  
s ta in e d  w ith  ABC m ethod.
D eep a n d  superficial cortex, germ inal cen tres a n d  m an tle  zones of 
ac tiva ted  follicles a n d  m edu lla  were exam ined in  the  lym ph node 
L ym ph node a reas  a re  graphically  rep resen ted  in  Figure 3.1. Red 
pu lp , peria rte rio la r lym phoid sh e a th s  (PALS), co rpuscles a n d  
m arg in a l zone were exam ined in  the  spleen; a n d  cortex a n d  
m ed u lla  in  the  thym us. S ta in ing  techn iques, reagen ts, slide 
read in g  p rocedure  a n d  m ethod  of evaluation  of re su lts  a re  
described  in  C hap ter 2.
*
3.3. Results
E ach  tis su e  gave sim ilar re su lts  in  each  anim al.
3.3.1. Lymph Node
W ith H&E sta in ing  all lym ph nodes h a d  a  th in  capsu le  a n d  no rm al 
a rch itec tu re . All a reas  were easily identifiable; few qu iescen t 
follicles (3-5) were coun ted  in  each  section, no infiltrating cells 
(response  to inflam m ation  or tum our), no th icken ing  of th e  
connective tissu e  a n d  vesse ls a n d  no enlarged  s in u se s  could  be 
seen  in  any  of the  lym ph nodes u se d  for th e  validation  of th e  
n o rm al sta in ing  p a tte rn  of th e  m onoclonal m arkers.
T here w as no appreciable  difference in  re su lts  from  popliteal, 
axillary  or m esenteric  lym ph nodes. In m ost cases, especially  w hen  
stro n g  sta in ing  w as p resen t, it w as im possible to identify  th e  
s ta in e d  cells by m orphology. Even com parison  of positive a re a s
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i— Cortex
Germinal centre 
Mantle zone
Medulla
i
!j
Figure 3.1. G raphic rep resen ta tio n  of no rm al lym ph  node 
m orphology.
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w ith  th e  co rresponding  a rea  of H&E sta in ed  sections did n o t allow 
iden tification  of th e  individual cells.
P resum ptive  T-cell m arkers gave strong  positive sta in in g  in  
c lassica l T-cell a reas. A lthough the  two CD8a (CLAW 11 and  
CLAW94) h a d  identical sta in ing  p a tte rn s , CLAW 11 gave som e 
b ack g ro u n d  problem s. R esu lts for the  two CD8a are  therefore 
p resen ted  together.
In th e  superfic ia l cortex 25%  of the  cells were CD3+, THY-1+ an d  
CD4+ a n d  only sca tte red  cells were CD8a+. In th e  deep cortex 
a lm ost 100%  of the  cells s ta in ed  w ith  CD3, CD4 a n d  THY-1, while 
only 75%  of th e  cells appeared  to be CD8a+. In th e  germ inal 
cen tre  of activa ted  follicles 75%  of the  cells were CD3+, 50%  of the  
cells w ere CD4+ an d  THY-1+ a n d  sca tte red  cells were CD8cc+. In 
the  m an tle  zone of the  activated  follicles only sca tte red  cells were 
CD3+, CD4+, THY-1+ a n d  CD8a+. In the  m edulla  CD3, CD4 an d  
THY-1 s ta in e d  50%  of the  cells, while CD8a s ta in ed  25%  of the  
cells.
The p resum ptive  B-cell m ark e rs  (CD79a an d  CD79b) gave strong  
sta in in g  in  th e  c lassical B-cell a reas  w ith v irtually  100%  cells 
positive in  th e  m edulla, 75%  of cells positive in  th e  m an tle  zone 
an d  of a lm ost 100%  of cells positive in the  superficial cortex. 
S ca tte red  cells in  the  deep cortex a n d  in  the  germ inal cen tre  were 
also s ta in ed .
W ith th e  designated  p a n  leukocyte m arkers  (CD 5, C D 45pan and  
CD45RA) sta in in g  varied w ith  each  m arker. CD5 s ta in ed  75%  of 
the  cells in  th e  m edulla  a n d  in  th e  deep cortex, 50%  of th e  cells in  
the  germ inal centres, a n d  only sca tte red  cells in  th e  superficial 
cortex a n d  in  th e  m antle  zone. C D 45pan sta in ed  75%  of th e  cells 
in  th e  m edu lla , in  the  deep a n d  superficial cortex a n d  in  the  
germ inal cen tres , an d  50%  of th e  cells in  the  m an tle  zone. CD45RA 
s ta in ed  50%  of the  cells in  th e  m edulla, in  the  deep cortex a n d  in
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th e  m an tle , 75%  of the  cells in  the  germ inal cen tre  an d  alm ost 
100%  of the  cells in  the  superficial cortex.
A ntibody to MHC-II sta in ed  50%  of the  cells in  the  superficial 
cortex, the  m edulla  an d  in  the  m antle  zone, 25%  of the  cells in  the  
deep cortex an d  only sca tte red  cells in  the  germ inal cen tres.
Good differential sta in ing of different cell popu lations w as achieved 
a n d  th e  no rm al p a tte rn  w as identified for each  antibody  (Table 3.3. 
a n d  F igures 3.2 .-3 .9 .). The sta in ing  p a tte rn  of each  leukocyte 
m ark e r is also graphically  rep resen ted  in  Figure 3.10.
CD 68’s tiypsin ized  an d  non-tiypsin ized  slides were negative. In the  
m icrow aved slides, w eak generalized sta in ing  in  su b c ap su la r 
s in u se s , deep cortex an d  m edu lla iy  s in u ses w as noted; slightly 
s tronger sta in ing  seem ed to identify som e large ro u n d  cells 
(m acrophages?) in  those areas.
4.3.2. Thymus
In H&E slides each  thym us show ed a  th in  capsu le  an d  w as 
regu larly  lobulated. Every lobule consisted  of a  cortex w ith  densely  
packed  sm all thym ocytes a n d  a  m edulla  of m ore loosely packed  
larger thym ocytes. H assel’s corpuscles were seen  in  the  m edulla. 
None of th e  sep ta  w as th ickened  an d  no infitrating cells could be 
seen .
In th e  cortex CD4 a n d  THY-1 s ta in ed  100%  of the  cells, CD3 an d  
CD 8a s ta in ed  75%  of the  cells. In th e  m edulla  THY-1 sta in ed  100%  
of th e  cells, CD4 a n d  CD3 75%  of the  cells a n d  CD8a only 50%  of 
the  cells. S ta in ing  w ith  p a n  leukocyte m arkers  varied  w ith  each  
m arker. Fifty percen t of the  cells in  the  cortex an d  75%  in  the  
m edu lla  sta in ed  positive for CD5, 75%  of the  cells in  the  
cortex a n d  100%  in  the  m edu lla  sta in ed  positive for C D 45pan an d  
25%  of the  cells in  the  cortex an d  75%  in  the  m edu lla  sta ined  
positive for CD45RA.
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Antibodies superficial
cortex
deep cortex mantle
zone
germinal
centre
medulla
THY-1 + + + + + + + + + + + + + +
CD3 + + + + + + + + + + + + + + +
CD4 + + + + + + + + +++ +++
CD8a + ++++ + + + +
CD79a + + + + + + + + + + +
CD79b + + + + + + + + + + + + + + + +
CD45pan + + + + + + + + + + + + + + + + + + +
CD45RA + + + + + + + + + + + + + + + +-+*+
CD5 + + 4-++ + +++ + + + +
MHC-II +++ + + + + + + + + +
Table 3.3. S ta in in g  p a t te r n s  o f P an e l 1 a n tib o d ie s  in  n o rm a l ly m p h  n o d e s  (n  = 13).
+: 10%  
++: 2 5 %
+++: 5 0 %
++++: 7 5 %
+++++: 100%
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□ = 0
□ < 10%
□ ~ 25%
l l i l ~ 5 0 %
■ ~ 75%
■ ~ 100%
Figure. 3.2. Normal staining pattern of CD45pan in canine  lymph
node, (a) Staining of follicles, superficial and deep cortex [APAAP
method, x 125] and (b) graphic representation.
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□ = 0
< 10%
□ ~ 25%
M ~ 5 0 %
m ~ 75%
■
~ 100%
Figure. 3 .3. Normal staining pattern  of CD4 in canine lymph node,
(a) Sta in ing of follicles, superficial and deep cortex [APAAP method,
x 125] and  (b) graphic  representat ion.
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F ig u r e  3 .4 .  Norm al sta in ing  p a tte rn s  of (a) CD5 and  (b) CD4 in 
can ine lym ph node [APAAP m ethod, x 125].
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-4
□ = 0
s < 10%
□ ~ 25%
■ I ~ 5 0 %
■ ~ 75%
■
~ 100%
Figure. 3 .5. Normal sta ining pat tern  of MHC-II in canine lymph
node, (a) Staining of follicles, superficial and deep cortex [APAAP
method, x 125] and (b) graphic representa t ion.
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□ = 0
E 3 < 10%
□ ~ 25%
ta il ~ 5 0 %
■ ~ 75%
"
~ 100%
Figure. 3.6. Normal s ta in ing  pa tte rn  of THY 1 in canine lymph
node, (a) S ta in ing of follicles, superficial and  deep cortex [APAAP
m ethod, x 125] and  (b) graphic representa tion .
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□ = 0
C D < 10%
n ~ 25%
k « l ~ 5 0 %
■ ~ 75%
■
~ 100%
Figure. 3.7. Normal sta in ing pattern  of CD8« in canine  lymph
node, (a) S taining of follicles, superficial and deep cortex [APAAP
method, x 125] and (b) graphic representation.
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Figure 3.8. Staining of cortex an d  follicles in norm al can ine  lym ph 
node w ith (a) CD4 and  (b) CD8a [APAAP m ethod, x 312.5].
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Figure 3.9. Stain ing  of germ inal cen tre  and  m antle  zone of follicles 
in norm al can ine  lym ph node w ith (a) MHC-II, (b) THY 1, (c) CD5 
and  (d) CD4 [APAAP m ethod, x 312.5].
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Figure 3.10. G raphic represen ta tion  of sta in ing  p a tte rn s  of leukocyte 
antibodies in norm al canine lym ph node.
CD3
T -cell m a rk e rs
THY-1 CD4 CD8
P a n  le u k o c y te  m a rk e rs  a n d  MHC-II
CD5 C D 45pan CD45RA MHC-II
B -ce ll m a rk e r s
CD 79a CD79a
□ = 0
E 3 < 10%
1 1 ~ 25%
■ ~ 50%
■ ~ 75%
~ 100%
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MHC-n sta in ed  sca ttered  cells in  the  cortex a n d  75% of the  cells in  
the  m edu lla  (Table 3 .4 ., Figures 3 .11. and  3.12.).
4.3.3. Spleen
In H&E sections, all sp leens h a d  a  th in  capsu le  a n d  a  sm all 
a m o u n t of w hite pulp . The trabecu lae  a n d  blood vessel w alls were 
n o t th ickened  an d  no infiltrating cells could be seen  in  e ither red  or 
w hite pulp .
All T-cell m ark e rs  (CD3, CD4, THY-1 a n d  CD8a) s ta in ed  only 
sca tte red  cells in  the  splenic red  pulp . In PALS, CD3 a n d  THY-1 
s ta in ed  a lm ost 100%  of cells while CD4 a n d  CD8a s ta in ed  75%  of 
the  cells. In the  m arg inal zone CD3, THY-1 a n d  CD4 s ta in ed  75%  
of th e  cells an d  CD8a 50%  of the  cells. In the  germ inal cen tres  a n d  
in  the  m an tle  zone of the  splenic corpuscles CD3, CD4 a n d  CD8a 
s ta in ed  only sca tte red  cells while THY-1 w as negative.
The B-cell m arkers  (CD79a a n d  CD79b) s ta in ed  50%  of the  cells in  
the  red  pu lp  an d  in  the  m arg inal zone a n d  w ere negative in  the  
PALs. In the  corpuscles CD 79a s ta ined  75%  of th e  cells in  the  
germ inal cen tre  an d  50%  in  the  m an tle  while CD79b s ta in ed  50%  
of th e  cells in  the  germ inal cen tre  an d  25%  in  th e  m antle .
W ith the  p a n  leukocyte m ark e rs  the  sta in ing  again  varied  w ith 
each  m arker. CD5 sta ined  25%  of the  cells in  the  red  pulp , 75%  of 
the  cells in  the  m arg inal zone a n d  in  the  m an tle  of the  corpuscle, 
50%  in  the  PALs a n d  sca tte red  cells in  the  germ inal cen tre  of the  
corpuscle. C D 45pan sta ined  75%  of the  cells in  the  PALs, in  the  
germ inal cen tres an d  in  the  m an tle  of the  co rpuscles an d  50%  of 
the  cells in  the  red  pu lp  a n d  in  th e  m arg inal zone. CD45RA sta in ed  
a lm ost 100%  of the  cells in  germ inal cen tres a n d  in  th e  m an tle  of 
the  corpuscle, 75%  of the  cells in  the  m arg inal zone, 50%  in  the  
PALs a n d  25%  in the  red  pu lp . MHC-II s ta in ed  75%  of the  cells in  
the  germ inal centre  an d  in  th e  m an tle  in  the  corpuscle  a n d  in  the
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PALs, 50%  in the  m arg inal zone an d  25%  in  the  red  pu lp  (Table
3 .5 ., F igures 3 .13 .-3 .15 .).
C D 68’s  tiypsin ized  a n d  non-tiypsin ized  slides were negative. Some 
w eak ind is tinc t sta in ing , in  m icrowaved slides, w as p redom inan t in  
th e  sp lenic red  pulp .
4.3.4. Lungs
CD68 w as negative in  all slides in  all dogs.
4.3.5. Liver
CD68 w as negative in  all slides in  all dogs.
4.3.6. Skin
CD 68’s tiypsin ized  a n d  non-tiypsin ized  slides were negative in  all 
sam ples. This an tibody  gave som e w eak sta in ing  in  som e 
c u ta n eo u s  large ro u n d  cells (m acrophages?) in  m icrowaved slides 
a n d  also gave som e poorly defined, ind is tinc t s ta in ing  on th e  cells 
of epiderm is, L angerhan ’s cells a n d  m elanocytes.
3.4. Discussion
Eight of the  an tibod ies u se d  in th is  s tudy  (CLAW1 (CD5), CLAW5 
(MHC-fi), CLAW8 (CD4), CLAW9 (CD45pan), CLAW11 (CD8a), 
CLAW 13 (CD45RA), CLAW91 (THY-1) and  CLAW94 (CD8ct) identify 
m olecules on th e  ex te rn a l surface of can ine leukocytes w hich have 
been  confirm ed a s  th e  can ine  hom ologues of th e  h u m a n  c lu s te rs  of 
differentiation [Cobbold & Metcalfe, 1994]. These reagen ts could 
only be u sed  on cryosta t sections because  th e  an tigens are 
destroyed  by paraffin  em bedding b u t all proved to be effective 
m ark e rs  in  can ine tis su e s . The CD3, CD5, CD 79a an d  CD79b 
an tibodies, ra ised  a g a in st h u m a n  in te rn a l peptides, have 
previously  been show n to cross reac t w ith an tigens in  a  n u m b er of 
species su c h  as  sheep , pig, cattle, ra t, horse, m onkey, gu inea  pig, 
opossum , chicken a n d  ra t  b u t  h a d  no t been  tested  on  canine 
t is su e s  [Jones e ta l., 1993].
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Antibodies cortex medulla
THY-1 +++++ +++++
CD3 ++++ ++++
CD4 +++++ ++++
CD8a ++++ +++
CD45pan ++++ +++++
CD45RA ++ ++++
CD5 +++ ++++
MHC-II + ++++
Table 3.4. Staining pa tte rn s of Panel 1 antibodies in norm al 
thym us.
+: 10%
++: 25%
+++: 50%
++++: 75%
+++++: 100%
Antibodies red pulp PALs marginal
zone
germinal
centre
mantle
THY-1 + +++++ ++++
CD3 + +++++ ++++ + +
CD4 + ++++ ++++ + +
CD8a + ++++ +++ + +
CD79a +++ - +++ ++++ +++
CD79b +++ - +++ +++ ++
CD45pan +++ ++++ +++ ++++ ++++
CD45RA ++ +++ ++++ +++++ +++++
CD5 ++ +++ ++++ + ++++
MHC-II ++ ++++ +++ ++++ ++++
Table 3.5. Staining patterns of Panel 1 antibodies in  norm al spleen. 
+: 10%
++: 25%
+++: 50%
++++: 75%
+++++: 100%
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aFigure 3 .11 . Staining p a tte rn s  of (a) CD45pan an d  (b) CD45RA in
norm al canine  th y m u s  [APAAP method, x 312.5].
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Figure 3 .12 . Staining p a tte rn s  of (a) CD45RA and  (b) CD4 in
norm al canine thym us [APAAP m ethod, x 312.5].
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Figure 3.13. Stain ing  of PALS in norm al can ine sp leen  with (a) 
THY-1 and  (b) CD5 [APAAP m ethod, x 312.5].
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Figure 3 .14 . Staining of PALS, corpuscle and  m arginal zone in
norm al canine spleen with (a) CD45RA and (b) MHC-II [APAAP
m ethod, x 312.5].
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Figure 3.15. S tain ing  of PALS and  m arginal zone in norm al canine 
sp leen  with (a) CD4 and  (b) CD8a [APAAP m ethod, x 312.5].
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This c u rre n t s tu d y  show s th a t  these  an tibodies also c ross react 
w ith  dog antigens; they are effective on bo th  c iyosta t an d  paraffin 
sections a lthough  the  la tte r need  to be m icrowaved to u n m a sk  the 
an tigens. The presum ptive T-cell m arkers, a s  expected, gave good 
strong  positive sta in ing  in  all a reas  accepted  a s  T-cell dependen t in 
all species. The presum ptive B-cell m arkers gave a  strong  positive 
sta in ing  in  all c lassical B-cell a reas. [Tizard, 1992; Henry, 1990]
3.4.1. T-Cell Markers
THY-1. In the dog all thym ocytes an d  lym ph node T-lym phocytes 
are  THY-1 positive [Cobbold & Metcalfe, 1994; McKenzie & Fabre, 
1981].
In th is  s tu d y  can ine  THY-1 (CLAW 91) s ta in ed  100%  of the  cells in  
the  T-cell a reas  of the  lym ph node a n d  the  sp leen  a n d  in  the  
thym ic cortex an d  m edulla. In the  B-cell a reas  of the  lym ph node it 
s ta in ed  25 %  of the  cells in  the  superficial cortex a n d  only 
sca tte red  cells in  the  m antle  zone of follicles while the  m an tle  of the  
splenic corpuscle w as negative. C anine THY-1 (CLAW91) therefore 
seem s to be a  good m arker for can ine T-cells as reported  by 
Cobbold an d  Metcalfe [1994].
B ecause of the  high percen tages of THY-l+cells in  T-cell a reas, it 
w as im possible, in  m ost cases, to recognize m orphologically the  
cells sta in ing  positive. However it w as clear th a t  THY-1 s ta in ed  T- 
lym phocytes in  T-cell a reas. In B-cell a re a s  THY-1 s ta in ed  a  few 
sca tte red  sm all ro u n d  cells w hich were a ssu m ed  to be T- 
lym phocytes; som etim es som e positive ro u n d  large cells w ith 
a b u n d a n t cytoplasm  (m acrophages?) could be clearly identified. 
Cobbold a n d  Metcalfe [1994] reported  expression  of THY-1 on 
m onocytes an d  m ore weakly on  granulocytes. No granulocytes 
could be identified in  any  sam ple in th is  p re sen t study .
CD3. In the  dog a  polyclonal an tibody to h u m a n  CD3 an tigen  w as
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show n to s ta in  T-lym phocytes in  the  T-lymphoid a reas  [Ferrer et 
al., 1993]. M ost of the  lym phocytes in  the  deep cortex of the  lym ph 
node, tonsils, Peyer’s pa tches were positive for th is  CD3 m arker. In 
th e  th y m u s the  strongest stain ing  seem ed to be in  the  m edulla.
The sam e an tibody  to CD3 h a s  been  u sed  to detect T-lym phocytes 
in  can ine  lym phom as [Ferrer et al., 1992]. In one s tu d y  on the  cat, 
CD3 s ta in ed  th e  m ajority of lym phocytes in  T -dependent zones a n d  
occasional germ inal cen tre  cells [Callanan, 1994].
In th is  s tu d y  m onoclonal CD3, like THY-1, s ta in ed  100%  of the  
cells in  th e  T-cell a reas  of the  lym ph node a n d  of the  sp leen  
a lth o u g h  it labelled only 75%  of th e  cells in the  thym ic cortex an d  
m edulla . In the  B-cell a reas CD3 closely m im icked the  sta in ing  
p a tte rn  of THY1 although  it s ta in ed  a  few sca tte red  cells in  the  
splenic m an tle  zone w here THY1 w as negative. In h u m a n  spleen, 
CD3 is repo rted  to s ta in  75%  to 100%  of the  cells in  the  PALs, up  
to 25%  of th e  cells in  the  m arginal zone an d  germ inal centre of the  
co rpuscles a n d  to be negative in  the  m antle  of the  corpuscles 
[Kroese et al., 1992].
In th e  m ixed cell a reas, CD3 sta in ing  w as again  generally sim ilar to 
th a t  of THY 1 except it labelled m ore cells in  the  germ inal cen tre  of 
th e  lym ph node, 75%  of cells a s  com pared  to 50% .
O ur findings confirm  CD3 as a  p a n  T-cell m ark e r a s  described  by 
o ther a u th o rs  [Knapp et al., 1989; Davis 1990; Allison & H avran, 
1991; B arclay e t al., 1993; Jo n e s  e t a l, 1993].
CD4. CD4 is described  as  a  m ark er of thym ocytes a n d  helper T- 
cells (approxim ately two th ird s of the  to ta l T-cell population) 
[Barclay e t al., 1993; Pigott & Power, 1993; P am es, 1989]. In the  
ca t CD4 s ta in s  a  subpopu la tion  of lym phocytes in  T -dependent 
zones a n d  occasional germ inal cen ter cells [Callanan, 1994].
C anine CD4 (CLAW 8) s ta ined  a lm ost 100%  of the  cells in  the  deep 
cortex of th e  lym ph node, a n d  in  the  thym ic cortex, 75%  of the
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cells in  the  splenic PALS a n d  in  the  thym ic m edulla. In the  B-cell 
a re a s  CD4 s ta in ed  the  sam e percen tages of cells a s  THY-1 an d  
CD3.
In  th e  thym ic cortex an d  th ro u g h o u t the  lym ph node, CD4 labelled 
th e  sam e percen tage of cells a s  THY-1. CD4 in  th is  s tu d y  s ta in ed  
th e  m ajority  of T-cells. In the  dog, CD4 labels granulocytes 
[Cobbold & Metcalfe, 1994; Moore et al., 1992]; while in  main an d  
ra t, CD4 is expressed  on m onocytes an d  m acrophages b u t  it is no t 
expressed  on neu troph ils  [Pam es, 1989]. No granu locy tes were 
identified in  any  of the  sam ples u se d  in  th is  project.
CD4 sta in ing  p a tte rn  in  can ine sp leen  is co n sis ten t w ith  CD3 
s ta in in g  b u t it is different from m an . In h u m an s , CD4 s ta in s  only 
u p  to 25%  of the  cells in  the  m arg inal zone an d  is negative in  the  
m an tle  of the  corpuscles [Kroese et al., 1992],
CD8. CD8 w as originally reported  only on su p p resso r/cy to tox ic  T- 
cells [Knapp et al., 1989] b u t la te r it w as also dem o n stra ted  on 
thym ocytes, a n d  n a tu ra l killer cells [Cobbold & Metcalfe, 1994; 
B arclay  et al., 1993; Pigott & Power, 1993]. In one s tu d y  [Voss et 
al., 1993] CD8 s ta in ed  30%  to 50%  of the  m edullary  thym ocytes in  
th e  dog (8 w eeks a n d  6 m o n th s  old); in  the  splenic w hite  p u lp  a  few 
sca tte red  cells a ro u n d  the  arterio les were s ta in ed  a n d  in  th e  red  
pu lp  som e positive lym phocytes could be found. In  the  
in terfo llicu lar a reas  of th e  lym ph nodes an d  tonsils m any  cells were 
positive, while the  follicles were e ither u n s ta in e d  or con ta ined  only 
a  few sca tte red  positive cells. In th e  cat, CD8 h a s  been  show n to 
s ta in  a  subpopu la tion  of T-lym phocytes in  T -dependent zones a n d  
a  few sca tte red  cells in  the  germ inal cen tre  of follicles [Callanan, 
1994].
C anine CD8a (CLAW 11 an d  CLAW 94) h a d  iden tical sta in ing  
p a tte rn s . CD8 sta in ed  less cells th a n  CD4 in  the  nodal deep cortex 
(75%), in  the  thym ic cortex (75%) a n d  in  the  thym ic m edu lla  (50%),
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while in  the  splenic PALS it w as ind istingu ishab le  from CD4 
s ta in in g  75%  of the  cells. The percen tages of CD4+ a n d  CD8a+ 
cells w ere alw ays lower in the  thym ic m edulla  th a n  in  the  cortex. 
This is co n sis ten t w ith  thym ocytes losing an tigens a s  they  m atu re . 
In th e  B-cell a reas , sca tte red  cells in  the  nodal superficial cortex 
a n d  in  th e  splenic corpuscles were positive. In the  m ixed a reas  of 
the  m edu lla  of th e  lym ph node CD8a sta in ed  fewer cells th a n  CD4. 
In th e  sp lenic m arg inal zone CD8a again  labelled fewer cells th a n  
CD4.
These re su lts  c o n tra s t w ith those described  for h u m a n  spleen  
[Kroese e t a l,  1992] w here betw een 25%  an d  50%  of the  cells in  
PALS are  positive for CD8, corpuscles are  negative an d  only 
sporad ic  cells a re  positive in  the  m arg inal zone
3.4.2. B-Cell Markers
CD79a and  CD79b. B oth  CD79a a n d  CD79b have been  described  
as  effective B-cell m ark e rs  [Mason e t a l, 1991]. CD 79a is expressed  
on early  p recu rso rs  of B-lineage an d  is expressed  th ro u g h o u t B-cell 
d ifferentiation u n til the  p lasm a cell stage; while CD79b is a  la ter 
m ark e r a lth o u g h  its  expression  also ceases before the  p lasm a cell 
stage. In  the  cat, bo th  CD79a an d  CD79b s ta in  the  m ajority  of the  
cells in  p rim ary  a n d  secondary  follicles [Callanan, 1994]. The 
s ta in in g  is stronger in  the  m an tle  zone a n d  individual positive cells 
c an  be identified in  th e  germ inal centre.
In th is  s tudy , C D 79a a n d  CD79b s ta in ed  sca ttered  cells in  the  deep 
cortex of the  lym ph node w hereas splenic PALS were negative for 
bo th  m ark e rs . In  the  B-cell a re a s  bo th  m arkers sta in ed  the  
m ajority  of th e  cells confirm ing them  a s  good B-cell m arkers  a s  
described  by M ason a n d  co-w orkers [1991]. M ason an d  co-w orkers 
[1991] also described  CD79a sta in ing  a s  being w eaker in  the  nodal 
gem inal cen tres  th a n  in  the  m an tle  zones. In th is  s tudy , re su lts  
were sim ilar w ith  sca tte red  cells in  the  nodal germ inal cen tre
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positive for bo th  CD 79a a n d  CD79b; while 75%  of the  cells in  the 
n o d a l m an tle  zone were positive for bo th  m arkers.
In  one s tu d y  on h u m a n  spleen, B-cell m ark e rs  (CD 19 a n d  CD20, 
well recognized B-cell antibodies) s ta in ed  betw een 75%  an d  100% 
of th e  cells in  the  m arg inal zone a n d  corpuscles a n d  sporad ic  cells 
in  th e  PALS [Kroese et al., 1992]. F indings in  can ine sp leen  differ 
w ith  CD 79a an d  CD79b s ta in ing lower percen tages of cells in  the  
m arg inal zone an d  corpuscles th a n  CD 19 an d  CD20 in  h u m a n  
sp leen . B oth  CD 79a an d  CD79b were also negative in  PALS.
In  m ost m ixed cell a reas  C D 79a a n d  CD79b bo th  s ta in ed  sim ilar 
percen tages of cells, a lthough  in the  m an tle  zone a n d  germ inal 
cen tre  of the  splenic corpuscle CD 79a s ta in ed  a  h igher proportion  
of cells th a n  CD79b. In conclusion, it w as clear th a t  C D 79a s ta ined  
only B-cells a s  show n in  o ther s tu d ies  [Jones et al., 1993; M ason et 
al., 1991; M ason et a l, 1991] a n d  th a t it h a d  a  slightly wider 
sp ec tru m  of reactivity th a n  CD79b [Mason et a l,  1991].
3.4.3. Pan Leukocyte Markers
CD45. The canine C D 45pan antibody (CLAW 9) s ta in ed  a  g reater 
percen tage  of cells th a n  CD45RA in  nodal deep cortex, m edulla, 
m an tle  zone a n d  germ inal cen tre  of follicles a n d  in  splenic red  pulp  
a n d  PALS; while CD45RA w as positive in  a  h igher p roportion  of 
cells in  nodal superficial cortex a n d  in  splenic m arg inal zone and  
corpuscle . These findings confirm  the  re su lts  from CLAW 1993 
suggesting  th a t the  res tric ted  a n d  tru ly  pan-reactive  form s of 
can ine  CD45 are difficult to d istingu ish  [Cobbold & M etcalfe, 1994; 
H olm es & L unn, 1994].
In  th e  th y m u s C D 45pan s ta in ed  75%  of the  cells in  th e  cortex  and  
a lm ost 100%  of the  cells in  the  m edulla. CD45RA, in  con trast, 
labelled only 25%  of the  cells in  th e  thym ic cortex a n d  75%  of the  
cells in  th e  m edulla. This p a tte rn  is  the  opposite of th a t  of CD4 and
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CD8, w here a  loss of an tigens during  m a tu ra tio n  ra th e r  th a n  a n  
acqu isition  is apparen t.
In h u m a n  sp leen  C D 45pan a n d  CD45RA consisten tly  s ta in  75%  to 
100%  of th e  cells in  all a reas  w ith the  exception of th e  germ inal 
cen tre  of th e  corpuscles w here CD45RA is negative [Kroese et a t,  
1992]. In  can ine  sp leen  C D 45pan s ta in ed  consisten tly  betw een 
50%  a n d  75%  of the  cells while CD45RA sta in ing  is m ore variable  
an d  ran g es  from  25%  in  th e  red  pu lp  to 100%  in  th e  corpuscle .
In  th is  s tu d y  CLAW 9 revealed a  slightly b roader sp ec tru m  of 
leukocytes th a n  CLAW13. Som e large ro u n d  cells w ith  a b u n d a n t 
cy toplasm  (m acrophages?) were sta in ing  positive for bo th  m arkers . 
It w as again  im possible to identify th e  positive cells on  th e  b asis  of 
the ir m orphology, even com paring w ith  H&E sta in ed  sections, a s  
bo th  m ark e rs  gave strong  sta in ing  in  a lm ost all a reas.
CD5. In th e  F o u rth  In te rna tiona l W orkshop a n d  Conference on 
H um an  Leucocyte D ifferentiation Antigens, CD5 w as d em o n stra ted  
to s ta in  thym ocytes a n d  the  m ajority  of m a tu re  T-cells in  m an  
[Knapp et al., 1989]. It is expressed  on m a tu re  T-cells, thym ocytes 
a n d  a  su b se t of m atu re  B-cells [Barclay et al., 1993]. C anine CD5 
from  CLAW is described  a s  a  be tte r m arker for T-cells th a n  THY-1 
b u t th e re  w as no d a ta  to suggest th a t  th is  CD5 an tibody  w as 
sta in ing  B-cells, B-cell lines or B-cell a reas  [Cobbold & Metcalfe, 
1994]. In  one s tu d y  on the  cat, CD5 sta in ed  a  su b p o p u la tio n  of T- 
cells in  T -dependent zones an d  occasional germ inal cen tre  cells 
[C allanan, 1994].
C anine CD 5 (CLAW 1) a n d  an ti-h u m a n  CD5 ra ised  ag a in st 
in te rn a l pep tide  show ed a  sim ilar s ta in ing  p a tte rn  in  all a re a s  a n d  
tis su es . CD5, in  the  lym ph node, s ta in ed  sim ilar percen tages of 
cells to T-cell m ark e rs  (i.e. CD4, THY-1 an d  CD3). In the  spleen, 
th e  CD5 sta in ing  p a tte rn  w as sim ilar to T-cell an tibod ies w ith  the  
exception of PALS w here there  were fewer CD5+ cells a n d  the
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m an tle  zone of corpuscles w here CD 5 sta in ed  a  g rea ter percentage 
of cells th a n  T-cell m arkers. In m an  CD5 s ta in s  75%  to 100%  of 
th e  cells in  th e  PALS, u p  to 25%  of th e  cells in  th e  germ inal cen tre  
a n d  th e  m arg inal zone an d  sporadic cells in  the  m an tle  of the  
co rpuscles [Kroese e ta l ., 1992].
This finding w ould suggest th a t  CD5 is sta in ing  som e B-cells. In 
th is  study , can ine  CD5 is show n to be sim ilar to h u m a n  CD5, 
s ta in in g  a  su b se t of m a tu re  B-cells.
3.4.4. MHC-II
Two different p a tte rn s  for MHC-II an tigen  expression  have been  
rep o rted  in  th e  dog [Doveren e t al., 1986]. The first p a tte rn  show ed 
MHC-H sta in in g  of resting  an d  activated  T-cells a s  well a s  B-cells. 
The second  p a tte rn  w as m ore sim ilar to th a t  in  m ost o ther species 
w ith  MHC-H bind ing  only to B -lym phocytes a n d  activated  T-cells. 
A prev ious s tu d y  h a d  dem onstra ted  MHC-H an tigens on activated  
T -lym phoblasts, no n -stim u la ted  periphera l blood T-lym phocytes 
a n d  n eo n a ta l th y m u s [Doveren e t al., 1985]. C anine MHC-H is 
exp ressed  on  T-ceHs, on  an tigen  p resen ting  ceHs su c h  a s  
m acrophages a n d  on  B-ceHs [Cobbold & Metcalfe, 1994; Holm es & 
L unn, 1994]. In  the  cat, MHC-H sta in es  a  subpopu la tion  of 
lym phocytes in  T -dependent zones, m an tle  zone, germ inal cen ter 
a n d  in  th e  s in u se s  [Callanan, 1994].
In  o u r work, can ine  MHC-H (CLAW 5) s ta in ed  the  lining 
m acrophages in  th e  m edullary  s in u se s  of the  lym ph node a n d  in  
th e  splenic sinuso ids. In the  sp leen  a n d  lym ph node, a t  lea s t h a lf  
th e  ceUs w ere positive in  aU a re a s  except the  red  pu lp  a n d  th e  
germ inal cen tre  of nodal follicles w here only a  few positive ceHs 
w ere found. In  th e  thym us, sca tte red  ceHs in  the  cortex s ta in ed  for 
MHC-H w hile 75%  of the  m a tu re  m edullary  thym ocytes were 
positive. E xpression  of MHC-H an tigens, like CD5, C D 45pan a n d  
CD45RA, in c reases  w ith thym ocyte m atu ra tio n . Som e large ro u n d
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cells w ith  a b u n d a n t cytoplasm  sta in ed  for MHC-H, because  of their 
m orphology these  ceHs were a ssu m ed  to be m acrophages a lthough  
identification  b ased  on the  m orphology w as veiy  difficult due  to the  
s tro n g  sta in ing  expressed  on the  sections.
3.4.5. Monocyte/Macrophage Marker
CD68. Several a n ti-h u m a n  anti-CD 68 antibodies have been 
p ro d u ced  a n d  have been  show n to be very helpfu l in  the  
recognition  of m onocy te/m acrophage lineage ceHs [Pulford et al., 
1989; Ruco et al., 1989; F acchetti et al., 1988; W am ke et al., 1989] 
a n d  in  the  d iagnosis of som e d iseases su c h  as  m alignan t fibrous 
h istiocy tom a [Binder et al., 1992] an d  som e tru e  histiocytic 
n eop lasm s [W am ke et al., 1989], No commerciaUy available anti- 
CD68 an tibody  is know n to cross-reac t in  an im als. A CD68 m arker 
(KP1) w as kindly provided by Dr. D. M ason an d  Mrs. M. Jo n e s  to 
be tes ted  on can ine tissu es.
CD68, in  th is  study , w as consisten tly  negative in  the  sections of 
Hver a n d  lungs in  aH dogs. In the  spleen, it gave som e ind istinc t 
s ta in in g  in  the  red  pu lp  only in  m icrowaved slides. No specific 
sta in in g  could be assoc ia ted  w ith m acrophages, it is therefore the  
a u th o r 's  opinion th a t  th is  is m ost likely a n  artifac t due  to 
m icrowaving. Microwaving cau ses  tissu e  d isin tegration  (See 
C h ap te r 2). In  the  skin , trypsinized an d  non-tiypsin ized  sections 
w ere again  totaUy negative while m icrowaved sections p resen ted  
w eak  in d is tin c t s ta in ing  of aU ceHs in  the  epiderm is. Som e large 
ro u n d  ceHs (m acrophages?) in  the  derm is seem ed to s ta in  positively 
for CD68 a lthough  the  s ta in  w as weak. The sta in ing  in  the  
ep ithehum  w as in te rp re ted  a s  a n  artefac t however, th e  sta in ing  in  
th e  ceHs in  the  derm is appeared  distinctive, a lthough  it is 
im possible  to explain why, if those ceHs were m acrophages, only a  
com paratively smaH n u m b er w as sta ined  by CD68. S taining 
a rte fac t occurred  in  the  lym ph nodes; diffuse non-specific s ta in ing
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w as p re sen t in  the  su b cap su la r an d  m edullary  sinuses, a lthough  
som e large ro u n d  cells (m acrophages?) could be d istingu ished  by a  
slightly stronger sta in ing  an d  som e positive cells could also be 
detected  in  the  deep cortex.
These findings revealed th a t th is  CD68 an tibody  w as no t applicable 
to can ine  tissu es. It is hoped th a t in  the  fu tu re  an  anti-C D 68 
antibody cross-reacting  w ith the  dog a n d /o r  a n  an ti-can ine  an ti- 
CD68 antibody  will be produced. The application  of CD68 in  
con junction  w ith  o ther m arkers su c h  a s  MHC-H, CD 11c a n d  CD l a  
is likely to be essen tia l for a  com plete u n d e rs ta n d in g  of can ine  
c u tan eo u s histiocytic d isorders.
E ach an tibody  evaluated, w ith the  exception of CD68 gave a  
specific a n d  differential sta in ing  p a tte rn  for the  different cell 
popu lations. This enabled the  au th o r to define a  working p an e l of 
an tibodies an d  to determ ine the  norm al p a tte rn  of sta in ing  for each  
m arker. This w ork confirm s th a t the  u se  of these  m onoclonal 
leukocyte m arkers is applicable to can ine tissu e  an d  opens the  way 
to m ore detailed  investigations of the  pathogenesis an d  pathology 
of lym pho-histiocytic d isorders in the  dog.
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CHAPTER 4. NORMAL PERIPHERAL BLOOD 
LEUKOCYTES
4.1. Introduction
Flow cytom etric techn ique s ta rted  to evolve in  1950s a n d  now adays 
it is u se d  in  m any  fields su ch  as oncology a n d  pathology, 
haem atology a n d  im m unology, genetics etc. Flow cytom etry 
developed th ro u g h o u t the  years from a  qu ite  sim ple flow system  
coun ting  cells m easu ring  the  changes in  electrical im pedance to 
m o d em  flourescence-activated  cell so rte r (FACs) capable of
recognising  cells according to the ir su rface  flourescence or size 
[Lawry,1995; Tizard, 1992]. FACs w as greatly  applied to
m onoclonal leukocyte an tibodies allowing to label, charac terise  a n d  
classify them  according th e  “C luster of D ifferentiation” (CD) [Lawry, 
1995; B arclay et a l ,  1993]. FACs can  be u se d  n o t only to detect 
blood cells b u t also o ther cells in  tis su e s  su c h  a s  b rea s t tu m ours , 
lym ph nodes etc. These sam ples need  to be p rep a red  so th a t  th e  
cells c an  be d issociated . Sam ples contain ing  large am o u n ts  of 
connective or strom al tis su e s  requ ire  th e  u se  of enzym es. FACs is 
also u se d  for investigations in  sem en, single-cell m icro-organism s 
a n d  tis su e  cu ltu res  [Lawry, 1995]. It is possible to analyze
sim u ltan eo u sly  two different fluorescen t labels [Tizard, 1992].
Flow cytom etric analyses have been  carried  o u t in  m any  species 
su c h  a s  m an , ra t, m ouse, pig, cow, sheep  an d  ca t [Joling et a l, 
1994; B urrells & S u th e rlan d s, 1994; B irkebak  e t a l ,  1994; Hall et 
a l,  1993b; H opkins et a l ,  1993; G up ta  e t a l ,  1993; Hoffm an-Fezer 
e t a l ,  1992; R eagan et a l,  1992; Jaco b sen  e t a l,  1992].
Leukocyte an tibodies have been  u sed , in  several s tu d ies  in
h u m a n s , to determ ine th e  n a tu re  of pe riphera l blood cells a n d  to 
a s se s s  th e ir  stage  of developm ent especially HIV-positive p a tien ts  
[Malone e t a l,  1990; Liu et a l,  1989; Taylor e t a l ,  1989]. More 
recently , they  have also been  applied to th e  s tu d y  of FIV-positive 
c a ts  [Hoffm ann-Fezer et a l ,  1992].
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In th e  p a s t  few years flow cytom etry w as applied  to th e  dog to 
identify  reticu locytes [Evans & Fagg, 1994], n eu tro p h ils  [Trowald- 
W igh e t al., 1993] a n d  to detect in te rleuk in s [Somberg et al., 1992]. 
Flow cytom etry also u se s  m onoclonal an tibodies. V arious h u m a n  
m onoclonal an tibodies [Jacobsen  et a l,  1993], m u rin e  m onoclonal 
an tibod ies [Voss e t al., 1993; G ebhard  & Carter, 1991] a n d  can ine  
m onoclonal an tibodies [Voss et al., 1993; Moore e t al., 1992; Moore 
et al., 1990; Doveren et al., 1985; Doveren e t al., 1986; McKenzie et 
al., 1982] w ere u se d  to dem onstra te  leukocytes in  th e  dog. The first 
in te rn a tio n a l can ine  leukocyte an tigen  w orkshop (CLAW 1993) 
va lidated  a  large n u m b er of can ine leukocyte an tigens m ainly  by 
flow cytom etric analysis an d  assigned  them  to a  CD c lu s te r 
accord ing  to th e  h u m an  classification [Cobbold & Metcalfe, 1994].
In  th is  study , a  panel of five m onoclonal an tibod ies specifically 
ra ised  a g a in st can ine leukocytes w as applied to blood sam ples 
from  h ea lth y  dogs to estab lish  a  range of no rm al va lues for each  
antibody.
4.2. Materials and Methods
4.2.1. Samples
Blood from  35 healthy  dogs, of different b reeds a n d  sexes a n d  aged 
betw een  2 a n d  14 years, routinely  bled for d iagnostic  p u rposes, 
du rin g  th e ir  s tay  a t  th e  Glasgow V eterinary  School, w as available 
for th is  project. The rem ainder of each  sam ple w as te s ted  w ith  T- 
cell a n d  B-cell antibodies.
4.2.2. Reagents
Three T-cell m ark e rs  (CD4, CD8a a n d  THY-1) a n d  two B-cell 
m ark e rs  (CVS31 an d  CVS32) were choosen  to co n stitu te  th is  
second  panel. Specificities, d ilu tions a n d  sou rces are  described  in  
Table 4 .1 .
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4.2.3. Method
Two m illilitres of blood were centrifuged a n d  th e  pellet con ta inin g 
m ain ly  m onoclonal cells a n d  less th a n  2%  granulocy tes w as 
sep ara ted . After w ashes in  PBS the pellet w as resu sp en d ed  in  PBS 
a n d  a n d  aliquoted  in  diffe ren t tubes. E ach  aliquot w as bound  w ith 
th e  p rim ary  an tibod ies an d  th en  w ith th e  secondary  antibodies 
[FITC/PE con jugated  antibody] as described  in  C hap ter 2. Sam ples 
w ere ru n  th ro u g h  a  C oulter EPICS Elite.
R esu lts  are  expressed  in  percen tages of positive cells (%) an d  
ab so lu te  n u m b ers  (a.n.) for each  m arker.
4.3. Results
W hite cell co u n ts  a n d  differentials were perform ed on  whole blood 
for each  dog. The to ta l co u n t of w hite blood cells, th e  n u m b er of 
lym phocytes, m onocytes an d  neu troph ils  were w ith in  the  norm al 
va lues in  each  dog.
Dogs w ere divided in to  g roups according to age, sex a n d  breed  for 
s ta tis tic  investigations b u t no significant differences were no ted  in  
any  of th ese  groups. The re su lts  a re  p resen ted  for th e  35 dogs a s  a  
group.
CD4 w as expressed  on  21 .6%  (0.47 x 109/1 a.n.) of the  lym phocytes 
while CD8a only labelled 11.7%  (0.25 109/1 a.n.) of th e  cells. 
CD4:CD8 ratio  w as 2:1 for CD4. THY-1 w as expressed  on 47%  
(1.00 109/1 a.n.) of th e  to ta l population  of lym phocytes. The two B- 
cell m ark e rs  s ta in ed  a  slightly different percen tage  of positive cells. 
CVS31 labelled 5 .6%  (0.16 109/1 a.n.) of the  cells while CVS32 
labelled  6 .9%  (0.17 109/1 a.n.) of the  cells.
S ta tis tica l s tu d ies  were u n d e rta k en  to calcu late  m ean  nu m b ers , 
s ta n d a rd  deviation (SD), m inim um  an d  m axim um  range for all 
dogs (Table 4.2.).
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Antibody CLAW No. Specificity Dilution Source
T-Cell
Markers
CD4 CLAW 8 T -helper/inducer cells, 
monocytes and 
m acrophages
1/100 1
THY-1 CLAW 91 pro thymocytes, 
thym ocytes and  T-cells
1/100f* 1
CD8a CLAW 94 T-cytotoxic/ suppressor 
cells
1/100 1
B-Cell
Markers
CVS31 CLAW 47 B-cells 1/10 2
CVS32 CLAW 48 B-cells 1/10 2
Table 4.1. Sources, dilutions and  specificities of Panel 2 antibodies.
Source 1. Dr. S. Cobbold, New Addenbrookes Hospital, Cambridge 
University
Source 2. Dr. M. Holmes, Cambridge Veterinaiy School
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4.4. Discussion
The lym phocytic popu lation  h a s  been  divided in to  2 subgroups, T- 
an d  B-cells. T -and B-lym phocytes have different functions in  the 
im m une system  a n d  express different superficial an tigens. In the  
blood, th ese  an tigens can  be detected  a n d  quantified  by flow 
cytom etry. This app roach  h a s  been  u sed  to a sse ss  the  n a tu re  of 
abno rm al lym phocytes in  various clinical conditions [Lai et al., 
1988]. The m easu rem en t of T-cells (CD4+ a n d  CD8+ lymphocytes) 
seem s to have g rea t im portance in  the  prognosis for HIV-positive 
p a tien ts  [Taylor et al., 1989; Liu et al., 1989]. S im ilar s tu d ies  have 
been  u n d e rta k en  in  FIV-positive cats. Significant differences 
betw een sex, age and  breed were no ted  for som e an tigens 
[Hoffman-Fezer et al., 1992].
In th e  p a s t few years flow cytom etry w as applied  to the  dog to 
identify reticu locytes [Evans & Fagg, 1994], neu tro p h ils  [Trowald- 
W igh et al., 1993] a n d  to detect in terleuk ins [Somberg et al., 1992]. 
Flow cytom etry w as also applied to m onoclonal an tibodies. V arious 
h u m a n  m onoclonal an tibodies [Jacobsen  et al., 1993], m urine  
m onoclonal an tibodies [Voss et al., 1993; G ebhard  & C arter., 1991] 
a n d  can ine  m onoclonal an tibodies [Voss et al., 1993; Moore et al., 
1992; Moore et al., 1990; Doveren e t al., 1986; Doveren et al., 1985; 
McKenzie e t al., 1982] were u sed  to dem onstra te  leukocytes in  the 
dog. The first in te rn a tio n a l canine leukocyte an tigen  w orkshop 
(CLAW 1993) validated  a  large n um ber of can ine leukocyte 
an tigens m ainly  by flow cytom etric analysis a n d  assigned  them  to a  
CD c lu s te r according to the  h u m an  classification [Cobbold & 
Metcalfe, 1994].
The aim  of th is  s tu d y  w as to evaluate  a  second  panel, constitu ted  
by th ree  cell m ark e rs  an d  two B-cell m arkers, a n d  to estab lish  a  
range of no rm al values for each  antibody by flow cytom etry. This 
p an e l (Panel 2) w as to be applied in  con junction  w ith the Panel 1
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described  in  C hap ter 3 to the  s tu d y  of canine lym pho-histiocytic 
d iso rd e rs  in  the  a ttem p t of identifing an d  classifying these  
d iseases.
S ta tis tica l s tu d ies  were u n d e rta k en  to e laborate  a  m ean  m um ber, 
s ta n d a rd  deviation, m inim um  a n d  m axim um  range for each  value 
(Table 4.2.). The 35 dogs were divided into g roups according  to 
th e ir  b reeds, age an d  sexes. No significant differences w ere no ted  
in  an y  of th e  groups, th e  re su lts  a re  therefore p resen ted  for th e  35 
dogs a s  a  whole group (Table 4.2.). A s tu d y  of FIV-positive ca ts , on 
th e ' con trary , revealed differences in  th e  percen tages of positive 
cells CD4 a n d  CD8 according to sex, age a n d  breed  of th e  ca ts  
exam ined  [Hoffman-Fezer et a l,  1992].
O ne s tu d y  show ed fluc tuation  of CD4+ cells in  HIV-positive 
p a tien ts ; percen tages of CD4+ cells varied  w ith in  th e  day 
suggesting  th a t  blood sam ples shou ld  be tak en  a t  a  s ta n d a rd ise d  
tim e of th e  day  [Malone et al., 1990]. For th is  reaso n  sam ples tak e n  
a t  th e  sam e tim e of th e  day (between 10am  a n d  12pm) w ere 
se lec ted  for th is  study.
In  n o rm al h ea lth y  h u m a n s  th e  percen tage of a  p a n  T-cell m ark e r 
(i.e. CD3) is reported  to be betw een 50%  a n d  80%  of th e  to ta l 
n u m b er of th e  blood lym phocytes, while in  norm al h ea lthy  c a ts  is 
a b o u t 70% . In  th is  study , THY-1 w as sta in ing  47%  of th e  cells in  
th e  lym phocyte population . In m an , ab o u t 40%  of th e  lym phocytes 
a re  CD4+ a n d  in  the  ca t CD4 is positive in  20%  to 30%  of th e  cells. 
In  th e  dog, 21 .8%  of th e  cells of th e  to ta l periphera l lym phocytic 
p o p u la tio n  w as positive for CD4. Percentages of CD8 positive cells 
a re  20%  in  m a n  an d  betw een 15%  a n d  30%  in  the  cat. CD8a, in  
th e  dog, s ta in e d  16.7%  of the  lym phocytes. B-cells co n stitu te  the  
5%  to 20%  of th e  to ta l lym phocytic popu lation  in  m an  a n d  20%  to 
50%  in  th e  cat; while in  th e  dog no rm al values were u p  to 24.6% .
In th is  p ro ject the  CD4:CD8 ratio  w as abou t 2:1. The n u m b er of 
CD4+ cells h a s  always been  described  a s  g rea ter th a n  th e  n u m b er
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lym phocytes w as g reater th a n  th e  percen tages of CD4+ and  CD8a+ 
cells added  together. McKenzie an d  o th ers  [1981] described THY-1 
as  a  good m arker for all peripheral blood T-cells. The two B-cell 
m ark e rs  (CVS31 a n d  CVS32) h a d  a  slightly different percen tage of 
positive cells, w ith  CVS32 presen ting  a  w ider range th a n  CVS31. 
Flow cytom etry can  be perform ed e ither on whole blood applying 
lysis techn iques or on sep ara ted  lym phocytes. M ethods for 
sep ara tin g  lym phocytes from granulocytes an d  erythrocytes vary 
[Renzi & G inns, 1987]. Some stu d ies  were m ade on can ine  tissu es  
su c h  a s  spleen, thym us a n d  bone m arrow  [Voss e t al., 1993], 
th y m u s [Doveren et al., 1986; Doveren et ah, 1985], body fluids 
su c h  a s  ascitic  fluid [McKenzie et al., 1981] an d  cell lines [Moore et 
al., 1992; Moore et al., 1990]. A g reat n u m b er of stu d ies  on blood 
cells were u n d e rta k en  by m any  a u th o rs  in  the  dog [Voss e t a l, 
1993; Trowald-W igh et al., 1993; Som berg et al., 1992; Moore e t al., 
1992; G ebhard  & Carter., 1991; Moore e t a l,  1990; Doveren et al., 
1986; D overen et al., 1985], in  th e  r a t  [Evans & Fagg, 1994] a n d  in 
the  horse , pig, cow, sheep, goat, m ink, rabb it, rh e su s  m onkey and  
m an  [Jacobsen  et al., 1993]. W hole blood w as preferred  in  som e of 
these  s tud ies , a n d  lym phocytes were iso lated  after haem olysis of 
the  red  cells [Trowald-Wigh e t a l,  1993; Jaco b sen  et al., 1993]. In 
o ther stud ies , lym phocytes were sep a ra ted  from whole blood by 
different density  centrifugation  m ethods su c h  a s  Lym phoprep 
[Doveren e t a l ,  1985] and  H ipaque-Ficoll m ethod  [W underli et al., 
1989 quo ted  by Som berg et a l,  1992]. H istopaque-1077 (Sigma) 
h a s  also been  u se d  in  canine s tu d ies  [Moore et a l,  1992; Som berg 
et a l,  1992; G ebhard  & Carter., 1991; Moore et a l,  1990].
The techn ique  u se d  in  th is  s tu d y  involved the  sep ara tio n  of 
lym phocytes w ith  H istopaque-1077 (Sigma). In one s tu d y  in  m an, 
Ficoll-H istopaque separa tion  of lym phocytes from whole blood 
seem ed to modify the  n u m b er of lym phocytes w ith a n  increase  in  
B-cells a n d  a  decrease  in T-cells. A loss of CD8+ cells w as noted,
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suggesting  th a t e ither CD8+ cells m ight have a  h igher density  th a n  
the  o th er T-cells or th a t they  m ight form aggregates w ith  the  red  
blood cells an d  precip itate  during  centrifugation  [Renzi & G inns, 
1987].
Once a  range of no rm al values w as achieved for each  m arker, Panel 
2 w as u tilised  in  conjunction  w ith im m unohistochem istry  in  the  
investigation  a n d  classification of chronic cu tan eo u s inflam m ation 
(C hapters 7 an d  8) an d  le thal acroderm atitis  (C hapter 9).
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SEC TIO N  III
PARANEOPLASTIC AND NEOPLASTIC DISORDERS
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CHAPTER 5. HISTIOCYTIC DERMATOSES
5.1. Introduction
This ch ap te r deals w ith  histiocytic derm atoses including  neoplasm s 
a n d  paraneop lastic  d isorders. S uch  cases are  recognized w ith 
increasing  frequency in  the  veterinary  world a n d  clinical fea tu res 
have been  fully described  in  various textbooks [Yager an d  Wilcock, 
1995; G ross et al., 1992; M uller et al., 1989]. U nfortunately  
c lassification  of th ese  conditions is problem atic b ecau se  of the 
n a tu re  of the  infiltrate. The com position of th e  in fitra te  is very 
sim ilar in  all of th ese  d iseases, it is therefore very difficult to 
subdiv ide these  d iso rders according to th e ir histological 
appearance . In the  p a s t few years veterinary  science h a s  s ta r te d  to 
investigate  the  histology a n d  im m unohistology of th ese  conditions 
in  m ore detail. N um erous a ttem p ts  have been  m ade to classify 
them  u sing  various h u m a n  classifications b u t m onoclonal 
leukocyte m ark e rs  have been  applied only very recently  to a sse ss  
th e ir phenotype [Pritchard & B roadbent, 1994].
H istiocytes are cells of th e  m ononuclear-phagocytic system . Their 
m ain  function  is to phagocytose dam aged cells or cell debris, 
m icroorganism s a n d  an tigens an d  to p resen t an tigens to T-cells to 
in itia te  th e  im m une response .
N um erous c u ta n eo u s  d iseases [White, 1990] rang ing  from 
g ran u lo m as to neoplastic  d isorders can  re su lt from the 
in terven tion  of h istiocytes. G ranulom as can  be divided into two 
m ain  groups: the  infectious an d  the  non-infectious g ranu lom as. 
Infectious g ranu lom as a re  charac terised  by a  m ixed cell infiltrate 
consisting  of a  variable  n u m b er of p lasm a  cells, lym phocytes, 
h istiocytes, neu tro p h ils  a n d  eosinophils form ing a  concentric 
a rran g em en t w ith in  w hich the  causative  organism  can  often be 
seen  or d em o n stra ted  by special s ta in s . Infectious g ranu lom as can  
develop in  response  to deep bacterial, fungal or pa rasitic  infections.
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In  main, leprosy, tubercu lo sis  an d  le ishm aniasis a re  exam ples 
[White, 1990]. In th e  dog, deep staphylococcal infections and  
fu ru n cu lo sis  are  frequently  associated  w ith the  developm ent of 
g ran u lo m as [Gross et a l ,  1992]. N on-infectious granulom as 
inc lude  foreign body g ranu lom as an d  a  variety  of sterile 
g ran u lo m ato u s  reactions of u n certa in  aetiology. Histologically, 
th ese  reactions are  charac te rised  by a  predom inantly  m ononuclear 
infiltrate, w ith  or w ithou t g ian t cells, an d  m ay be n odu lar w ith 
h istocy tes form ing d iscrete  g ranu lom as in  the  derm is or m ore 
diffuse w ith a  histiocytic or lym phohistiocytic infiltrate involving 
m o st or all of the  derm is. Sarcoidosis in  m an  [White, 1990; Lever & 
Schaum burg-L ever, 1989] a n d  periadnexal m u ltinodu lar 
g ran u lo m ato u s derm atitis  in  the  dog [Gross et a l,  1992; Muller et 
a l,  1989; C arpen ter et a l, 1987] are  exam ples of idiopathic non- 
in fectious g ranulom as.
In  add ition  to these  d istinc t g ranu lom atous conditions, there  is a 
varie ty  of cu tan eo u s d isorders classified as histiocytic derm atoses 
a n d  ch arac te rised  by proliferation of e ither L angerhans cells or 
h istiocy tes. The aetiology of these  d iseases is still unknow n. They 
o ccu r in  m an  an d  a  n u m b er of o ther species a lthough  they are 
generally  considered  to be ra re  [Pritchard & B roadbent, 1994]. 
H istiocytoses in  m an  were subdivided into 4 c lasses by the  “W riting 
G roup of the  Histiocyte Society" classification in  1987: C lass I- 
L angerhans cell h istiocytosis (LCH), C lass II- Haemopoietic 
lym phohistiocytosis (HLH), C lass IE- M alignant d isorders (acute 
m onocytic leukaem ia  a n d  m alignan t histiocytosis), a n d  C lass IV- 
o th er h istiocytosis syndrom es (e.g. s in u s  histiocytosis w ith m assive 
lym phadenopathy , xan thog ranu lom a an d  reticulo-histiocytom a) 
[Chu et a l,  1987].
There is, therefore, a  spectrum  of cu tan eo u s d isorders w ith 
h istiocytic in filtrates affecting bo th  h u m an s  an d  dogs. M any of 
th ese  d iso rders rem ain  poorly defined an d  even in  m an , despite the
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w ork of the  “W riting G roup of the  Histiocyte Society” [Chu et al.,
1987] th e  classification of these  d iseases is still u n d e r d iscussion  
[Peters, 1990; W hite, 1990].
5.1.1. Histiocytic Dermatoses in Man.
The histiocytic d isorders are  classified into 3 m ajor groups, non- 
infectious g ranu lom as, g ranu lom atous vascu litis  or vascu litis  w ith  
g ranu lom atosis  a n d  h istiocytoses, a lthough  o ther unclassified , 
lym phohistiocytic d iso rders exist w hich involve th e  skin .
a) N on-infectious g ran u lo m as. N on-infectious g ranu lom as are  
ch arac te rised  by m ononuclear cell \ g ranu lom as w ith  no 
dem onstrab le  causative  agent.
Sarcoidosis. Sarcoidosis is  a  system ic g ranu lom atous d iso rder 
p resen ting  various cu tan eo u s m anifesta tions. The aetiology is 
unknow n. It can  be divided into a  su b acu te , tra n s ie n t type w hich  is 
ra re  a n d  a  chronic, p e rs is ten t type. The su b acu te , tra n s ie n t type is 
ch arac te rised  by erythem a, adenopathy  a n d  fever; in  som e cases 
m igrating  po lyarth ritis  an d  acu te  iritis c an  occur. In chronic, 
p e rs is ten t sarcoidosis, cu tan eo u s lesions ten d  to ap p ea r on  the  
nose, cheeks a n d  ears  a n d  consist of pap u les  a n d  p laques w hich 
som etim es c an  have a n  a n n u la r  configuration. In som e cases th e  
lesions can  be erythroderm ic, ichthyosiform , u lce ra ted  an d  
hypopigm ented. Sarcoidosis can  also involve th e  su b c u tan e o u s  fa t 
alone or in  con junction  w ith th e  derm al nodules.
Histologically th e  lesions a re  noncaseating  tu b ercu les  m ade  of 
epithelioid h istiocy tes a n d  p re sen t in  th e  derm is a n d  su b c u ta n e o u s  
fat. M ultinucleated  cells can  be found  in  th e  cen tre  of th e  
tu b ercu les  while sm all n u m b ers  of lym phocytes are  a t  th e  
periphery  of th e  n ak ed  tubercu les. C oagulation necrosis o r fibrin  
can  be no ted , less frequently  som e cytoplasm ic inclusion  su c h  a s  
astero id  a n d  S ch au m an n  bodies c an  be seen. The prognosis for th is
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evolving to perforation  of the  n a sa l sep tum , u lcera tion  of th e  h a rd  
p a la te  a n d  extensive m u tila tion  of the  face. Histologically, th e  early 
lesions show  a  non-specific infiltrate  a ro u n d  th e  sm all blood vessels 
a lth o u g h  occasionally  in  th e  early lesions, a n d  m ore com m only in  
the  advanced  lesions, cells w ith large hyperchrom atic  nucle i can  be 
seen  sca tte red  in  th e  infiltra te . These cells, even if th e ir n u m b er 
ten d s  to increase  w ith  th e  d u ra tio n  of the  d isease, alw ays ten d  to 
rem a in  sca tte red  in  th e  infiltrate. The course  of th e  d isease  is fata l 
u n le ss  rad ia tio n  th erap y  is perform ed in  the  early  stages [Lever & 
Schaum burg-L ever, 1989].
Lym phom atoid Granulomatosis (LG). In  h u m an s , lym phom atoid  
g ranu lom atosis  is a  m ultisystem ic d isease  in  w hich  th e  m ost 
com m on p resen ta tio n  is vague pu lm onary  sym ptom s a n d  the  
second  m ost com m on p resen ta tio n  is cu tan eo u s lesions. The 
prognosis is  u su a lly  poor a n d  the  p a tien ts  die from pu lm onary  
consolidation  or th e  developm ent of lym phom a [Zambello & 
Sem enzato , 1991; C arlson  & G ibson 1991; M cNutt e t al., 1990; 
C abane e t al., 1990; Jom brosic  e t al., 1990; F ont et al., 1990; Storti, 
1989; C am isa, 1989; Rongioletti e t al., 1988; G au lard  et al., 1988; 
W hittaker et al., 1988; P renovault et al., 1988; Angeles Angeles & 
Z am udio Aguilar, 1987; Foley e t al., 1987]. The average age of 
p a tien ts  is 50 years a n d  m en  o u tn u m b er w om en 2:1. In th e  skin, 
the  lesions a re  red  nod u les  th a t  range from 0.5  to 4 cm  in  d iam eter. 
The lesions a re  m ain ly  d is trib u ted  on  the  extrem ities a n d  seldom  on 
the  tru n k . Secondary  u lce ra tio n  occurs on th e  sk in  of th e  h ead  a n d  
neck  assoc ia ted  w ith  facial oedem a in  those  p a tien ts  who p re sen t 
nasopharyngea l involvem ent [Carlson & Gibson, 1991]. O ther 
cu ta n eo u s  p resen ta tio n s  su c h  a s  violaceous p laques [T roussard  et 
al., 1990; C am isa, 1989; Storti, 1989; Rongioletti e t a l ,  1988; 
Prenovault et al., 1988; Angeles Angeles & Zam udio Aguilar, 1987; 
Foley e t al., 1987; Jam b ro sic  e t al., 1987] a n d  hypopigm ented  sca rs  
[W hittaker e t al., 1988] have also been  reported . Blood sam ples
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reveal m ild an aem ia  (usually aplastic) a n d  decreased  or increased  
leukocytes [Carlson & G ibson 1991; Zambello & Sem enzato, 1991; 
M cNutt e t al., 1990; Storti, 1989]. Skin biopsy specim ens show  a n  
angiocentric, angiodestructive, polym orphous lym phoreticu lar 
in filtrate  su rro u n d in g  an d  invading sm all to m edium -size veins 
w ithou t causing  fibrinoid necrosis of th e  vessel walls. There can  be 
m odera te  haem orrhage. The infiltrate is com posed of lym phocytes 
a n d  h istiocy tes p resen ting  various degrees of a typ ia  [Carlson & 
Gibson, 1991; T roussard  et al., 1990; C abane e t al., 1990; Font et 
al., 1990; C am isa, 1989; Storti, 1989; Rongioletti e t al., 1988; 
W hittaker et al., 1988; Angeles Angeles & Zam udio Aguilar, 1987]. 
Mitotic figures are  frequent. M ultinucleated  cells resem bling  Reed- 
S tem berg-like  cells m ay be sca tte red  th ro u g h o u t the  in filtrate  
[T roussard  et al., 1990; Cam isa, 1989; G aulard  et al., 1988]. Early 
in filtra tes ten d  to affect the  deeper derm is, while well-developed 
heavy derm al infiltrates ten d  to obscure  the ir angiocentricity  a n d  to 
su rro u n d  b u t n o t destroy  the  adnexal s tru c tu re s . The infiltrating 
cells form bridges in  the  derm is a n d  fat, linking vessels an d  adnexal 
s tru c tu re s . M any s tu d ies  of LG have revealed th a t  m ost lesions 
have a  p redom inance  of he lper T-cells. B-cells ten d  to be a b se n t or 
p re sen t in  low n u m b ers  [Tong et a l, 1992; C arlson & Gibson, 1991; 
S torti, 1989; C am isa, 1989; Foley et a l,  1987; Jam b ro sic  e t al., 
1987; Angeles Angeles & Zam udio Aguilar, 1987]. The 
p a thogenesis  is still unclear; abnorm al im m unoregulation  a n d  T- 
cell dysfunction  have been  suggested  [Tong e t al., 1992]. 
Im m unohistochem ical s tu d ies  have identified the  following 
m onoclonal T-lym phocyte antigens:
1) CDS, CD4, CD20, CD l i b ,  [Carlson & G ibson 1991],
2) CD3, CD2, CD7, Pan-T an tigens a n d  CD20 [Troussard et al., 
1990; G au lard  et a l ,  1988; W hittaker et al., 1988],
3) HLA-DR [W hittaker et al., 1988];
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4) C D llc ,9 k D , CD8, CD4, CD1 [McNutt et a l, 1990; C abane et a l, 
1990; C am isa, 1989],
5) CD2, CD3, CD4, CD5, CD7, CD45R0 [Savoia e t a l, 1994],
6) CD3, CD4 a n d  CD45 [Tong e ta l ,  1992].
T rea tm en t consists  of chem otherapy, rad ia tion  therapy  or both . No 
long-term  successfu l trea tm en t h a s  been  found so far [Savoia e t a l, 
1994; C arlson  & Gibson, 1991; Zam bello & Sem enzato, 1991; Font 
et a l ,  1990; M cNutt et a l, 1990; C abane et a l, 1990; S torti, 1989; 
C am isa, 1989; Rongioletti et a l, 1988; W hittaker e t a l ,  1988; 
Ja m b ro sic  et a l,  1987; Angeles Angeles & Zam udio Aguilar, 1987; 
Foley et a l,  1987].
c) H istiocytoses. A n u m b er of d iseases charac terised  by the 
p ro liferation  of L angerhans cells or histiocytes h a s  been  classified 
in  th is  group. X anthogranulom a, m alignan t histiocytosis a n d  true  
h istiocytic lym phom a an d  L angerhans cell h istiocytosis are 
exam ples of h istiocytoses in  m an .
Juvenile  Xanthogranuloma. This xan thogranu lom a u sua lly  occurs in  
ch ild ren , b u t it can  also affect adu lts . Lesions m ay be p re sen t a t 
b ir th  a n d  can  be classified in  two groups, the  sm all n o d u la r form 
a n d  th e  large n o d u la r form. The lesions of the  sm all n o d u la r form 
range  from  p apu les to nodules. P a tien ts affected by th is  form have 
m ultip le  generalized lesions w hich ten d  to p redom inate  in  the 
u p p e r body. The large n o d u la r form occurs w ith  a  few lesions on 
th e  h e ad  a n d  tru n k . The nodu les are  tran slu cen t, e ry them atous 
a n d  telangiectatic . This form is u su a lly  associated  w ith m ultip le 
ex tracu tan eo u s xan thog ranu lom as of various organs. Lesions tend  
to sp o n tan eo u sly  involute in  3 to 6 years. Histologically th e  lesions 
co n sis t of a  m onom orphous derm al infiltrate com posed of 
h istiocytes, foam  cells, eosinophils, lym phocytes, p lasm a cells and  
neu tro p h ils . Foreign body a n d  Touton g ian t cells a re  often in  the 
u p p e r derm is a n d  a t  the  border of the  infiltrate. Old lesions p resen t 
fibrosis [Peters, 1990; Lever & Schaum burg-Lever, 1990].
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Necrobiotic Xanthogranuloma. Necrobiotic xan th o g ran u lo m a  w ith 
pa rap ro te inem ia  is a  ra re  d isorder occuring in  ad u lts . The lesions 
are  large, in d u ra ted  p laques p resen ting  atrophy, te lang iectasia  and  
som etim es u lceration  on  th e  tru n k . S u b cu tan eo u s nodu les can  also 
occur. In m any  p a tien ts  papu les, nodu les a n d  p laques can  appear 
on th e  face. Histologically the  lesions consist of e ither focal 
aggregates or large b a n d s  of cells in  the  derm is a n d  su b cu tis . The 
infiltrate  is com posed of histiocytes, foam  cells a n d  o ther 
in flam m atory  cells. Large g ian t cells, Touton a n d  foreign body cells 
a re  also seen  [Peter, 1990; Lever & Schaum burg-L ever, 1990].
Langerhans Cell Histiocytosis. L angerhans cell h istiocytosis h a s  
been  s tu d ied  since the end  of the  las t cen tu ry  a n d  d iscu ssed  u n d er 
different nam es. It w as only in  1953 th a t L ich tenste in  suggested  
th a t  th e  various clinical signs were p a rt of a  b road  sp ec tru m  of 
d iseases involving h istiocy tes [quoted by B roadben t e t a l ,  1994]. 
These d iseases were term ed  Histiocytosis X, b ecau se  the  aetiology 
w as unknow n . In 1987 th e  Histiocyte Society accep ted  the  term  
L angerhans Cell H istiocytosis (LCH) as L angerhans cells or 
L angerhans-like  cells can  be identified in  these  d iso rders. LCH can  
affect h u m a n s  from b irth  to old age w ith a  peak  betw een 1 a n d  3 
years a n d  w ith m ales being affected twice a s  often a s  fem ales. All 
o rgans can  be affected. C u taneous involvem ent is seen  m ainly  in  
children . Lym ph nodes a re  often involved an d  hepatosplenom egaly  
is com m on. The prognosis is alw ays very poor [B roadbent e t al., 
1994]. The lesions are  u su a lly  m ultiple e ry them atous p laques or 
nodu les (1-5 cm  in  diam eter) all over the  body. They ten d  to wax 
a n d  w ane an d  new  ones ap p ea r on different a re a s  [G uitart e t al., 
1991; Cerio & Black, 1990; T uneu et al., 1988; B erti et al., 1988]. 
W ith histological exam ination  lesions are  found to con ta in  variable 
n u m b ers  of LCH cells, m acrophages, lym phocytes, eosinophils, 
g ian t cells, few neu troph ils  a n d  p lasm a  cells. Betw een 2%  a n d  69%  
of LCH cells have B irberck g ranu les an d  betw een 17%  a n d  81%  of
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LCH cells a re  positive for CD la .  Som e histiocytic cells 
(indeterm inate cells), w hich  lack B irbeck g ranu les, a re  also p resen t 
in  the  sk in  lesions. M ost of th e  lym phocytes p resen t ten d  to 
su rro u n d  the  lesions form ing a  rim  w ith only a  few of them  
penetra ting  inside. They are  m ainly  T-lym phocytes, a lthough  som e 
B-lym phocytes m ay  occasionally be p resen t [Favara e t a l, 1994].
i
It h a s  been  suggested  th a t cytokines have a  role in  the  
pathogenesis of LCH. Different cytokines are  re leased  w ithin  the  
lesions including  v a rio u s  in terleuk ins: IL-1 (in te rleuk in -1), IL-3, IL- 
4, IL-8, GM-CSF (granulocyte/  m acrophages-colony stim u la ting  
factor) an d  TNFa (tum our necrosis factor a) [K am m ourakis et al., 
1994]. GM-CSF w as detected  w ith in  the  cytoplasm  of LCH cells. 
GM-CSF regu la tes th e  differentiation of no rm al L angerhans cells 
from the  haem opioetic  progenitor cells. GM-CSF m ight be involved 
in  the  pa thogenesis  of L angerhans cell h istiocytosis [Emile et al., 
1993].
The expression  of CD l a  an tigen  by L angerhans cells an d  LCH cells 
is im portan t in  th e  s tu d y  of histiocytosis because  it is n o t expressed  
by the  m ajority of m acrophages a n d  dendritic  cell blood p recu rso rs . 
Anti-CD l a  m ononuclea r an tibody  therapy  w as suggested  for 
trea ting  h istiocy tosis a s  it seem s to be h a rm less  for the  p a tien ts  
[Beverley et al., 1994].
LCH cells also exp ress CD68, CD2, CD3 a n d  in  som e cases 
lysozyme a n d  PALP (placental-type alkaline phosphatase). [Hage e t 
al., 1993]. LCH cells c an  be also positive for MAC387, CD45RO, 
MHC-H an d  CD4 [Yang e t al., 1992]. Som e LCH cells can  also s ta in  
positively for CD 11a, CD l i b  a n d  m ore often for CD 11c, CD44, 
CD54 an d  CD58. CD54 a n d  CD58 are  expressed  norm ally  on 
activated L angerhans cells capable of m igrating. The inconsis ten t 
expression of CD 11a, CD l i b  a n d  CD2 explains w hy LCH cells 
m igrate an d  pro liferate  in to  abno rm al sites [de G raaf et al., 1994]. 
The lym phocytes a re  m ostly  T-lym phocytes, b u t  sca tte red  B-cells
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c an  be identified. In an o th e r study , in  addition to CD1, CD4, MHC- 
n  a n d  CD 11c, th e  neoplastic  cells were also strongly  positive for 
CD 14 a n d  CD68 [Ralfkiaer et a l ,  1991].
G lucocorticoid cytotoxic d rugs a n d  rad io therapy  have been  u sed  
w ith  poor re su lts  [G uitart et al., 1991; Cerio & Black, 1990; T uneu 
e t a l ,  1988; B erti e t a l,  1988].
M alignant H istiocytosis and True Histiocytic Lymphoma. True 
h istiocy tic  lym phom a a n d  m alignan t histiocytosis a re  often u sed  
synonym ously  in  h u m a n  m edicine to indicate  a  neoplastic  
h istiocytic  d isorder. In general, tru e  histiocytic lym phom a refers to 
local m asse s  th a t  subsequen tly  d issem inate  while m alignan t 
h istiocy tosis is u se d  in  cases of involvem ent th ro u g h o u t the  
re ticu loendo the lia l system . Clinical signs are  fever, jaund ice , 
pancy topen ia , hepatosplenom egaly  a n d  lym phadenopathy  [Arai et 
al., 1993; F arm er & Hood, 1990]. A dults are  generally  affected a n d  
p re se n t ex tranodal lesions m ain ly  involving the  sk in , bones or 
g a s tro in te s tin a l trac t. The cu tan eo u s lesions are  u lcerated , tender, 
su b c u ta n e o u s  nodu les an d  m ultip le  or single haem orrhagic  
p a p u le s  a n d  p laques. Histologically the  infiltrate consists  of large 
h istiocy tes w ith pale eosinophilic or am phophilic cytoplasm  
con ta in ing  vacuoles. The n u c leu s  can  be large, vesicu lar or 
m u ltilobu la ted . Phagocytosis of erythrocytes a n d  rarely  of 
leukocy tes or p la te le ts is  a  charac teristic  a sp ec t of these  d iseases. 
O ccasionally  also the  infiltrate  ten d s  to spare  the  epiderm is a n d  the  
pap illary  derm is. The cells a re  m ainly perivascu lar a n d  
periappendagea l a n d  affect the  m id a n d  deep derm is. Few 
lym phocytes, p lasm a  cells a n d  m ore rarely  som e m u ltinuclea ted  or 
g ian t cells can  be seen  [Farm er e t a l ,  1990]. Lysosom al enzym es 
(non-specific e ste rase  a n d  acid  phosphatase) are  p re sen t in  these  
cells [Hirose et al., 1991; A gnarsonn et al., 1988]. T um our cells a re  
CD 11+, CD 13+, MHC+, lysozyme+, a n d  a lp h a -l-a n titiy p s in +
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[Hirose et a l, 1991]; o ther m arkers were also positive CD1+, CD4+, 
MHC-II+, C D llc+ , CD 14+ a n d /o r  CD68+ [Ralfkiaer et a l ,  1991], 
CD45, CD20, CD3, CD45RO, CD30 were also detected  [Arai et a l,  
1993].
d) U nclassified . Lym phom atoid papu losis  is described  in  m a n  as  a  
chronic derm atitis  w ith a  predom inantly  deep derm al infiltrate, b u t 
no equivalent condition h a s  been  described  in  the  dog or o ther 
species. Lym phom atoid papu losis h a s  still n o t been  assigned  to any  
group  of d iseases an d  is u sua lly  classified a s  a  noninfectious 
e ry them atous, p a p u la r an d  sq uam ous d isesase  [Farm er & Hood, 
1990; Lever & Schaum burg-Lever, 1990]. It w as included  here  
because  it is charac terised  by a  m ixed cell infiltrate m ainly 
com posed of h istiocytes an d  lym phoid cells.
Lym phom atoid Papulosis (LP). Lym phom atoid papu losis is a  chronic 
derm atosis  charac terised  by con tinuous, self-healing cu tan eo u s 
e ru p tio n s w hich a re  clinically benign b u t histologically m alignant. It 
seem s th a t  p a tien ts  w ith prior H odgkin's d isease  or cu tan eo u s T- 
cell lym phom a are  m ore likely to develop lym phom atoid papu losis . 
E ach  of these  th ree  conditions is extrem ely ra re  an d  the  sporadic 
occurrence  of two in  the  sam e person  is unlikely to be strictly  
acc iden ta l [Wang et a l,  1992]. The m ale: fem ale ratio  in  
lym phom atoid  papu losis varies from  2:1 to 3:2 [Kaudewitz & Burg,
1991] a n d  the  condition occurs p redom inantly  in  ch ild ren  a n d  
ado lescen ts. M any p a tien ts  p resen t w ith periphera l 
lym phadenopathy  or sk in  lesions, b u t som e p a tien ts  can  have a  
generalized lym phadenopathy  w ith involvem ent of deep lym ph node 
sites a n d  bone m arrow  [Agnarsson & Kadin 1988, Thom sen & 
W antzin  1987]. The cells described  in  LP resem ble the  abnorm al T- 
lym phocytes in  cu tan eo u s T-cell lym phom a suggesting  a  
lym phocytic origin. However, there  are  also histiocytic-like cells 
p re sen t w hich resem ble the  tu m o u r cells in  Hodgkin's d isease,
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suggesting  a  m onocyte-m acrophage cell line origin. P apu les an d  
n o d u les  heal spon taneously  leaving hypopigm ented or 
hyperp igm ented  a trophic sca rs  [Parks et a l,  1992].
The histologic c riteria  to diagnose LP are: 1) a  superficial a n d  deep, 
pe rivascu la r a n d  in te rstitia l inflam m atory infiltrate consisting  of 
atyp ica l lym phoid cells, lym phocytes, neu troph ils  a n d  h istiocytes 
w ith  o r w ithou t eosinophils, 2) p leom orphism  a n d  a typ ia  of 
lym phom atoid  cells w ith large, b izarre hyperchrom atic  nuc le i an d  
varying a m o u n ts  of cytoplasm , 3) associated  ep iderm al changes 
includ ing  varying degrees of necrosis, spongiosis an d  pa rak era to sis , 
[Parks e t a l, 1992; Cockerell & Stetler, 1991; Kaudewitz & Burg, 
1991; M atsuyoshi et a l, 1989; Paw in & Belaich ,1987].
Histological exam ination  show s th a t  the  lesions are in filtrated  by: 
d a rk  b la s t cells, large pale b las t cells, large lym phoid cells, sm all 
lym phoid cells, eosinophils an d  neu troph ils  [Van der P u tte  et al.,
1987]. H istiocytes can  be p re sen t in  considerable n u m b ers  
[Kaudewitz & Burg, 1991].
Som e abno rm al cells show  endocytosis of erythrocytes. In th e  s kin 
the  neoplastic  infiltrate is extensive w ith abnorm al cells th ro u g h o u t 
th e  derm is a n d  extending into the  su b cu tis  [Agnarsson & Kadin
1988]. One s tu d y  show ed th a t the  atyical lym phoid cells h a d  the  
pheno type of activated  helper T-cells (CD2+, CD3+, CD5+, CD25+, 
CD71+, HLA-DR) [Parks et a l, 1991]. CD30 positivity w as detected  
in  m an y  atypical cells by n u m ero u s w orkers [Kaudewitz & Burg, 
1991; Cerio & Black, 1990; R alkiaer et a l, 1987; V an der P u tte  et 
a l,  1987; McMillan et a l ,  1987]. O ther T-cell assoc ia ted  an tigen  
su c h  a s  CD4 a n d  CD8 [M atsuyoshi et a l,  1989; T hom sen & 
W antzin, 1987], CD1 [M atsuyoshi et a l, 1989], CD45RO a n d  
CDw29 [Sterry et a l, 1989] were also detected.
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5.1.2. Histiocytic Dermatoses in the Dog.
H istiocytom a is a  com m on histiocytic derm atosis in  th e  dog. O ther 
neop lastic  or paraneop lastic  histiocytic d iso rders su c h  as  
lym phom ato id  g ranu lom atosis, cu tan eo u s histiocytosis, system ic 
h istiocy tosis a n d  m alignan t h istiocytosis have also been  described  
in  th e  dogs b u t  are  considered  to be ra re  [Gross e t a l,  1992; M uller 
e t 1989; Scott e t a l, 1987]. A tu m o u r classified a s  m alignan t 
fib rous h istiocy tom a (MFH) h a s  been  described  by severed a u th o rs  
[G oldschm idt & Shofer, 1992; G ross et al., 1992; M uller et al., 
1989; Allen e t a l,  1988: G arm a-A vina et a l,  1987; G leiser et al., 
1979], b u t  it is n o t exam ined in  details here  because  it is supposed  
to a rise  from  prim itive m esenchym al cells w hich  undergo  a  
fibrohistiocytic differentiation u n re la ted  to m onocytic-derived cells 
[Muller e t al., 1989; Allen e t a l ,  1988; G ross e t al., 1992]. 
H istiocytom a is briefly reviewed because  it is widely reported  in  the  
can ine  lite ra tu re  [G oldschm idt & Shofer, 1992; G ross e t al., 1992; 
M oore e t al., 1991; M uller et al., 1989; B ender & Muller, 1989] b u t 
no case s  w ere included  for im m unohistology in  th is  project. All 
available sam ples were em bedded in  paraffin w ax a n d  MHC-II 
an tibody  provided for th is  s tu d y  w as only applicable to cryosta t 
sections. O ther m onoclonal m onocyte/ m acrophage m ark e rs  su c h  
as CD 11a, CD l i b ,  CD 18 a n d  CD l a  have been  u se d  by Moore a n d  
co-w orkers [1991]. The CD 1 1 a /18, CD 11a a n d  CD 11c provided for 
th is  s tu d y  were show n to be u n su itab le  for im m unosta in ing  an d  
w ere d iscarded  (C hapter 3), no CD l a  w as available.
a) N on-infectious g ran u lo m as. Lesions equivalent to h u m a n  non- 
infectious g ranu lom as have been  identified in  the  dog a n d  classified 
a s  id iopath ic  periadnexal m u ltin o d u la r g ran u lo m ato u s derm atitis  
or id iopath ic  or sterile  granulom a.
Idiopathic Periadnexal M ultinodular Granulomatous D erm atitis/ 
Idiopathic or Sterile Granuloma. This d isorder is sa id  to be com m on
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in  the  dog b u t ra re  in  the  cat. The cause  is still unknow n  b u t 
b ecau se  there  seem s to be a  good response to corticostero ids an  
im m une-m edia ted  origin h a s  been suggested [Gross et a l ,  1992; 
M uller et a l,  1989; C arpen ter et a l,  1987]. The condition can  occur 
in  dogs of all ages. Collies, W eim araners, G reat D anes, B ull Dogs, 
Boxers, Golden Retrievers, D oberm ans an d  D a ch sh u n d s  seem  to be 
pred isposed  [Gross et a l,  1992]. Springer Spaniels, V iszlas, B asse t 
H ounds, G erm an S hepherd  Dogs, Labrador Retrievers, Old English 
Sheepdogs, S co ttish  Terriers, S tan d ard  Poodles a n d  m ixed-breeds 
w ere also seen  in  one s tu d y  [C arpenter et a l,  1987]. The lesions 
ten d  to be m ultip le a n d  to be located on the  head , p innae  and  
paw s. They consists of p ap u les  w hich are firm, nonpain fu l a n d  n o n ­
p ru ritic  [Gross et a l, 1992; M uller et al., 1989]. Lesions m ay regress 
spon taneously  or wax a n d  w ane [Gross et al., 1992]. P laques and  
nod u les  can  also be found. They can  becom e u lcerated , alopecic 
a n d  secondarily  infected [Gross et al., 1992; M uller e t a l ,  1989; 
C arpen ter et al., 1987]. Histologically, the  early lesions are 
perifollicular g ranu lom as n o t involving the h a ir  follicles [Muller et 
al., 1989], The epiderm is is no rm al to m oderately acan tho tic . Some 
histologic sub types can  be identified; pyogranu lom atous type, 
periadnexal type, a n d  p reau ricu la r xan thog ranu lom a of cats. 
C u tan eo u s sarcoidosis-like d isorders constitu te  a n o th e r subtype. 
The pyogranu lom atous type is charac terised  by pyogranulom a 
form ations. The lesions a re  d iscrete  to confluent a n d  consist of a  
core of neu tro p h ils  w ith  a  peripheral rim  of m acrophages; a  few 
lym phocytes a n d  p lasm a  cells can  be seen  [Gross e t al., 1992].
The periadnexal type is charac te rised  by a  g ranu lom atous infiltra te  
a ro u n d  adnexal appendages. The superficial derm is is generally no t 
involved. H istiocytes, lym phocytes an d  n eu tro p h ils  form  the 
infiltrate  [Gross et al., 1992; C arpen ter et al., 1987]. The infiltra te  
ten d s  to expand  a n d  extend  w ith in  the  deep re ticu la r derm is and  
th e n  involve th e  su b cu tis . The deeper m uscles are  n o t affected. The
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overlying epiderm is an d  papillary derm is are  no rm al a p a rt from 
som e oedem a. The sebaceous g lands are  affected by inflam m atory 
reactions. Few  p lasm a  cells a n d  eosinophils can  be found 
[C arpenter et a l,  1987].
The p rea u ricu la r xan thog ranu lom a of ca ts  is charac terised  by pale, 
sp indle-to-epithelio id  a n d  often foamy histiocytes a n d  g ian t cells. 
H aem orrhages ten d  to be m ultifocal a ro u n d  the  lesions. 
Lym phocytes, p lasm a  cells an d  neu troph ils  can  be found [Gross et 
a l,  1992].
The sarco idal g ranu lom as are  charac terised  by m ultifocal to 
confluen t g ranu lom as of epithelioid m acrophages a n d  few 
lym phocytes a n d  neu troph ils . G iant cells a re  ra re  [Yager & Wilock, 
1994; G ross et a l,  1992]. Lesions are  localised in  the  deep derm is 
a n d  su b c u tis  [Yager 8s Wilock, 1994].
T reatm ent of sterile  g ranu lom a consists of surg ical excision of the 
so litary  lesions w hen  possible or adm in istra tion  of glucocorticoids 
[Scott e t a l ,  1995; M uller et a l,  1989].
b) G ranu lom atous vascu litis . G ranu lom atous vascu litis or 
vascu litis  w ith  g ranulom atosis. So far, lym phom atoid 
g ranu lom atosis  is the  only d isease in  th is  category described  in  the 
dog, no equivalent of W egener's g ranu lom atosis or m idline 
g ran u lo m a of the  face h a s  been  recorded.
Lym phom atoid Granulomatosis (LG). Lym phom atoid g ranulom atosis 
w as first repo rted  a s  an  angiocentric an d  angiodestructive 
neop lasm  deriving from the  infiltration  of anap lastic  m ononuclear 
cells [Gross e t a l, 1992; Fitzgerald et a l, 1991; Berry et a l ,  1990; 
Leblanc e t a l , 1990; Postorino et a l,  1989]. A variety  of b reeds su ch  
a s  G erm an S h ep h erd  Dog, Boxer, D oberm ann, L abrador Retriever, 
M alam ute, Poodle, G reat Dane, B asse t H ound, M iniature 
S chnauzer, A iredale Terrier a n d  Beagle can  be affected [Fitzgerald et 
a l,  1991; B erry  et a l ,  1990; Leblanc et a l,  1990; Postorino et al., 
1989]. A lthough no sex predilection h a s  been  described, sexually
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in ta c t dogs seem  to predom inate  [Postorino et al., 1989]. In dogs, as 
in  m an , lym phom atoid  g ranu lom atosis is quite  u n u su a l, th e  m ean  
age of o n se t in  dogs is 6 years, w ith a n  average du ra tion  of clinical 
s igns of 7 w eeks to 4 m onths. M etastasis occurs frequently  an d  
m an y  o rgans can  be affected (lymph nodes, liver, h eart, kidney, 
sp leen , p a n c rea s  a n d  ad ren a l glands) [Gross et a l, 1992; Fitzgerald 
e t a l ,  1991; Leblanc et a l, 1990; B eriy  et a l,  1990; Postorino et a l, 
1989]. The clinical signs vary an d  m ay include lethargy, weight 
loss, anorexia, h a rs h  lung  sounds, dyspnoea an d  peripheral lym ph 
node en largem en t [Gross et a l, 1992; Fitzgerald et a l, 1991; 
Leblanc e t a l ,  1990]. In dogs leukocytosis, eosinophilia, 
m onocytosis a n d  neu troph ilia  have been  also reported  an d  reactive 
m acrophages can  be p resen t. N eutropenia can  be p resen t an d  if 
severe m ay  be the  cau se  of secondary  bacteria l infections. The 
neop lastic  in filtrate  is angiocentric an d  is m ade u p  of pleom orphic 
m o nonuclea r cells. These anap lastic  m ononuclear cells have a  
m odera te  a m o u n t of eosinophilic cytoplasm , variable n u c lea r size 
a n d  m odera te  m itotic ra te . B inucleated  a n d  m ultinuclea ted  g ian t 
cells c an  be p re sen t along w ith  som e eosinophils, erythrocytes, 
lym phocytes a n d  m acrophages. In the  lym ph node infiltrating  cells 
a re  se p a ra ted  by b an d s  of connective tissu e  [Gross et a l ,  1992; 
Fitzgerald e t a l ,  1991; Leblanc et a l , 1991; Berry et a l , 1990; 
Postorino e t al., 1989]. The infiltrate ten d s  to affect sm all to 
m edium -sized  a rte ries a n d  veins [Postorino e t a l ,  1989]. C utaneous 
lesions u su a lly  p resen t a s  nodules, e ry them a an d  p laques on the  
face, eyelids, m u co -cu taneous ju n c tio n s  a n d  tru n k . Histologically 
they  a re  sim ilar to h u m a n  lym phom atoid papulosis. Mitotic figures 
a re  qu ite  frequen t. Lym phocytes have slightly elongated an d  
tw isted  nuc le i w ith  a n  irregu lar profile. The neoplastic  cells have 
been  found  to be positive for lysozyme, a lp h a -1 an titry p sin  
[Fitzgerald e t al., 1991; LeBlanc e t a l , 1990]; an d  S -1 0 0  pro tein  
[Leblanc e t a l ,  1990]. T reatm ent w ith  com bined chem otherapy  h a s
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been  tried  w ithout any  success [Berry e t a l , 1990, Postorino et al., 
1989]. Som e investigators consider lym phom atoid g ranu lom atosis 
in  m a n  to be a  paraneop lastic  or benign varian t of a  m alignan t 
d isease, an d  the  evolution of th is  d isease, in som e cases, into 
lym phosarcom a seem s to suggest a  rela tionsh ip  betw een th e  two. It 
is n o t c lear if one condition is a  v a rian t of th e  o ther or if som e 
abnorm alities in  the  im m une system  can  lead  to the  developm ent of 
one or th e  o ther or bo th  [W hittaker et al., 1988; Jam b ro sic  et a l, 
1987].
c) H istiocytoses. Several histiocytic d isorders have been  reported  in 
the  dog. H istiocytom a, cu tan eo u s histiocytosis, m alignan t 
h istiocytosis an d  system ic histiocytosis are  reported  in  the  
lite ra tu re .
Cutaneous Histiocytoma. H istiocytom a is a  com m on benign tu m o u r 
in  dogs b u t very ra re  in  cats. It consists of m onocyte-m acrophage 
derived cells infiltrating the  sk in  [Gross et a l,  1992; G oldschm idt & 
Shofer, 1992; M uller et a l,  1989]. At p resen t, a lthough  th e  cau se  is 
still unknow n, there  is epidemiological evidence suggesting 
h istiocytom a h a s  a n  infectious aetiology. It is com m on in  young 
dogs (50% found in  dogs <2 years old) [Muller et al., 1989] and  
in ta c t m ales are  sa id  to be m ore a t risk  [Goldschm idt & Shofer,
1992]. A variety  of different b reeds can  be affected [Muller et a l, 
1989; Angeles Angeles & Zam udio Aguilar, 1989] a lthough  B ender 
a n d  M uller [1989] did n o t report any  a p p a ren t sex p red isposition  
in  th e ir cases.
H istiocytom as are  u sua lly  solitary, sm all (less th a n  3 cm  in  
diam eter), firm, dom e or b u tto n  shaped , well c ircum scribed  an d  
frequently  superficially u lcerated . They are  benign tu m o u rs  b u t fast 
growing w ith a  high m itotic index. The m ain  sites of occurrence are 
the  head , p innae, lim bs, inner th ighs, scro tum , an d  p repuce  [Gross 
et a l,  1992; G oldschm idt & Shofer, 1992; M uller et a l ,  1989; 
B ender & M uller, 1989].
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HistologicaUy, the  canine histiocytom a is ch arac te rised  by 
pleom orphic h istiocytes organized in  sh ee ts  infiltrating the  derm is 
a n d  su b cu tis . O ften the  neoplasm  is also infiltrated  by variab le  
n u m b er of inflam m atory  cells, m ostly lym phocytes, b u t  o ther 
leukocytes can  also be found [Bender & Muller, 1989; G oldschm idt 
& Shofer, 1992]. T um our necrosis is quite com m on an d  p resu m ed  
secondary  to the  lym phoid infiltrate [Magnol et al., quo ted  by 
G oldschm idt & Shofer, 1992]. More recently  it h a s  been  suggested  
th a t  th e  cells involved are  L angerhans cells. An 
im m unohistochem ical s tu d y  show ed the  tu m o u r cells were positive 
for MHC-n, CD 11a, CD l i b ,  CD 18 an d  CD la -like  an tigen  a n d  w hen 
the  lesions reg ress there  is an  infiltration of CD8+ T-lym phocytes 
[Moore e t al., 1991].
The m ajority  of these  tu m o u rs regress spon taneously  w ith in  a  few 
m o n th s  [G oldschm idt & Shofer, 1992; B ender & M uller, 1989; 
M uller et al., 1989]. Clinical trea tm en t m ay include surg ical 
excision, cryosurgery, or electrosurgery [Muller et al., 1989].
C utaneous Histiocytosis. C u taneous histiocytosis is described  a s  a  
benign  histiocytic proliferative d isease of the  dog cau sed  by 
in filtrating  h istiocy tes w ith folded an d  irregu lar nuclei [Muller et a l, 
1989; Calderwood Mays & Bergeron, 1986]. Several b reeds can  be 
affected su c h  a s  G erm an S hepherd  Dog, M iniature S chnauzer, Old 
E nglish  Sheepdog, S he tland  Sheepdog, G reat Dame, a n d  m ixed 
b reed  dogs. There ap p ea r to be no links w ith age, breed  or sex of 
the  an im als [Calderwood Mays & Bergeron, 1986].
The lesions develop a s  one or m ore ery them atous p laques (1 to 5 
cm  diam eter) in  th e  sk in  a n d  nodules in  the  p an n icu lu s . The 
p laques ten d  n o t to be p ruritic . The larger lesions a re  h a irless  an d  
som etim es u lce ra ted  or um bilicated. They occur on the  face, neck, 
back, a n d  tru n k ; feet m ay also be involved. The n a sa l m u co sa  an d  
th e  m u co sa  of the  n a re s  can  develop lesions before th e  s k in , 
resu lting  in  a  resp ira to ry  stridor. The severity of the  d iso rder can
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vary  from a  few in te rm itten t lesions confined in  a  sm all a rea  to 
repea ted  b ou ts  of u p  to 50 lesions a t the  sam e tim e. The lesions are 
considered  to be benign an d  can  wax an d  w ane an d  th e n  ap p ea r in  
an o th e r site or regress on  the ir own [Gross et a l ,  1992; 
G oldschm idt & Shofer, 1992; M uller et a l, 1989; Calderwood Mays 
& B ergeron, 1986].
At histologic exam ination  the  plaque-like lesions consist of large, 
som etim es foamy, histiocytic cells form ing shee ts  th a t  invade the  
derm is. The epiderm is is u su a lly  n o t affected by the  in filtrate  w hich 
ten d s  to affect the  deep derm is an d  to form nodu les in  the  
p a n n icu lu s . N eutrophils, p lasm a  cells and  lym phocytes can  be 
p re se n t am ong the  histiocytes [Gross et a l, 1992; Calderwood Mays 
& B ergeron, 1986]. A second histologic type h a s  been  reported  to 
resem ble  inflam m ation m ore th a n  a  neoplasm . The in filtrate  is in 
the  deep derm is an d  p an n icu lu s  a n d  tends to su rro u n d  vessels and  
adnexa. The infiltrate consists  of histiocytes an d  a  few p lasm a  cells, 
lym phocytes a n d  neu troph ils  [Goldschm idt & Shofer, 1992]. 
T reatm ent w ith  com bined chem otherapy  (lym phom a protocol w ith 
steroids) ap p ea rs  to control the  disease tem porarily. R epeated 
su rgery  h a s  been  a ttem pted , b u t lesions frequently  rea p p ea r in  the  
sam e place or very close to the  site  of excision [G oldschm idt & 
Shofer, 1992; M uller et a l,  1989; Calderwood M ays & Bergeron, 
1986].
M alignant H istiocytosis (MH). M alignant h istiocytosis is  a  m alignan t 
re ticu loendothelia l (histiocytic) proliferation involving m ultip le 
o rgans. The d isease  w as first reported  in  B ernese M ounta in  Dogs, 
w ith  a  h igher incidence in  m iddle-aged m ale dogs. The typical 
p resen ta tio n  is a n  a b ru p t onse t a n d  a  rap id  progression  [Hayden et 
a l,  1993; Uno et a l,  1993; S ha iken  et a l, 1991; M uller et a l ,  1989; 
Moore et a l , 1986; Rosin et a l ,  1986]. O ther b reeds can  be affected 
b u t B ernese M ountain  Dogs were proved to be 225 tim es m ore
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likely to be affected by m alignan t histiocytom a th a n  o ther breeds. 
Rottw eilers seem  to be 26 tim es an d  Golden Retrievers 3.7 tim es 
m ore likely to be affected th a n  any  o ther breed [Shaiken et a l, 
1991]. In B ernese M ountain  Dogs m any  cases have been  seen in 
co n san g u in eo u s litterm ates. This could be due to the  expression of 
recessive tra its . M ales are  m ore affected th a n  fem ales suggesting a  
sex-linked  recessive tran sm ission , a lthough  tran sm iss io n  th rough  
th e  p a te rn a l line h a s  n o t been  d em onstra ted  so far by any  au th o r 
[Moore e t a l , 1986; Rosin e t a l,  1986].
M alignant h istiocytosis h a s  also been  reported  in  o ther large-breed 
dogs w ith  young, female an d  sm all-breed dogs also being affected 
[Hayden e t a l,  1993; Uno et a l,  1993; S haiken  et a l ,  1991; Moore 
e t a l ,  1986; Rosin et a l,  1986]. C ases of MH in  several breeds su ch  
a s  G olden Retriever, Rottweiler, Blood H ound, D oberm ann, Pointer, 
G erm an  S hepherd  Dog, B ernese M ountain  Dog, S co ttish  Terrier 
a n d  m ixed-breed  dogs (less th a n  30 pounds in  weight) have been 
described  in  the  lite ra tu re  [Hayden et a l, 1993; Uno et a l, 1993; 
S h a ik en  et a l, 1991; Moore et a l,  1986; Rosin et a l, 1986].
C linical signs a re  quite  variable including weight loss, lethargy and  
anorexia. N eutrophilia, th rom bocytopenia a n d  anaem ia  are 
com m only found [Hayden et a l, 1993; Uno et a l, 1993; Schm idt et 
al., 1993 S ha iken  et at., 1991; M uller et a l, 1989; Moore et a l, 
1986; Rosin e t a l , 1986; Scott et a l ,  1979; W ellm an et a l,  1975], 
Lym phopenia a n d  m onocytosis can  also be detected  in  som e cases 
[Uno e t a l,  1993; Scott et a l, 1979]. C u taneous lesions, are not 
com m on in  th is  condition, b u t w hen they  do occur, they are 
m ultip le, firm, d e rm al-to -subcu taneous nodules or ery them atous 
p laq u es all over the  body. They can  be alopecic or u lcerated  
[Hayden e t a l ,  1993; Uno et a l ,  1993; Schm idt et a l ,  1993; Shaiken  
et a l,  1991; M uller et a l,  1989; Moore et a l, 1986; Rosin et a l, 
1986; Sco tt et a l, 1979; W ellm an et a l, 1975]. The lesions tend  to
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invade the  p an n icu lu s an d  re ticu lar derm is sparing  the  papillary 
derm is [Moore, 1984].
The m ain  sites affected are  spleen, liver, bones, bone m arrow, 
n e rvous system  an d  thoracic  lym ph nodes [Hayden et al., 1993; 
Uno et al., 1993; S haiken  et a l,  1991; Moore et a l,  1986; Rosin et 
a l,  1986; M uller et a l ,  1989; W ellm an et a l, 1985; Scott et a l, 
1979]. P rim ary pu lm onary  involvem ent is n o t in frequen t [Hayden et 
a l,  1991; Moore et a l,  1986]. Pulm onary lesions range  from 
incom plete to com plete consolidation of lungs u su a lly  in  th e  apical 
or c au d a l lobes to well-defined, single or m ultiple n o d u la r opacities 
or to diffuse in te rstitia l pu lm onary  infiltration [Schm idt et a l,
1993].
On histological exam ination, in terstitia l, p erivascu lar and  
vasoinvasive aggregates of large, pleom orphic cells (typical and  
atypical histiocytes) w ith a b u n d a n t cytoplasm  a n d  m ultinuclea ted  
g ian t cells a re  found arranged  in  sh ee ts  w ith sc an t fibrous strom a. 
These cells often con ta in  phagocytosed neu troph ils , erythrocytes, 
o th er tu m o u r cells, haem osiderin  or fat. Mitoses are  quite  com m on, 
a n d  b izarre m itotic figure are  frequen t [Hayden et a l,  1993; Moore 
et a l,  1993; Uno et a l,  1993; S haiken  et al., 1991; M uller et al.,
1989]. G ian t cells a re  com m on in  B ernese M ountain Dogs w ith  MH 
[Hayden e t a l,  1993]. Lym phocytes a n d  neu troph ils  m ay infiltrate 
th e  tu m o u r [Hayden e t al., 1993; M uller et a l, 1989; Moore et a l, 
1986; Scott et a l ,  1979]. M alignant histiocytosis is ch arac te rised  by 
the  p resence  of lysosom al enzym es (non-specific e ste rase  a n d  acid 
phosphatase). The p resence  of lysosom es an d  phagolysosom es and  
th e  absence  of cell ju n c tio n a l com plexes is typical of m onocytes and  
m acrophages [Hayden et a l ,  1993]. Tum our cells a re  lysozyme 
positive an d  alpha- 1 -an titiypsin  positive [Goldschm idt & Shofer, 
1992; S ha iken  et al., 1991; M uller et al., 1989; Moore et al., 1986]. 
H ayden et al., [1993] also detected  ca thepsin  B a n d  IgA a n d  IgG 
(weakly positive) an d  IgM (strongly positive). M any trea tm e n ts  have
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been  tried  for th is  rap id ly  spread ing  tu m o u r w ithou t any  success, 
su c h  a s  im m unosuppressive  d rugs [Uno et a l ,  1993; S haiken  et a l,  
1991] a n d  chem otherapy  [Wellman et al., 1985; Sco tt e t al., 1979].
System ic H istiocytosis. System ic histiocytosis w as first described in  
the  B ernese M ountain  Dog. In th is  condition, in  co n tra s t to 
m alignan t histiocytosis, the  sk in  is severely a n d  consisten tly  
involved [Muller et al., 1989; Rosin et al., 1986; Scott et al., 1986; 
Moore 1984]. Young m ale dogs w ith a  m ean  age of 4 years are  
p rim arily  affected [Rosin e t al., 1986; Moore 1984].
The m ain  clinical signs are  depression, anorex ia  a n d  weight loss. 
R espiratory  s te rto r a n d  ocu lar involvem ent have also been  
described. C u taneous lesions consist m ainly  of m ultip le  nodu les 
w hich  are  poorly defined, firm often alopecic or u lcerated . These 
m asse s  ten d  to ex tend to the  derm is a n d  su b c u tic u la r tissue . They 
ap p ea r m ore frequently  on  the  nose, eyelid a n d  face. O ther sites of 
m an ifesta tion , p resen ting  sm all ill-defined nodu les, a re  peripheral 
lym ph nodes, spleen, bone m arrow , tes tes, n a sa l m ucosa, lungs, 
k idneys, salivary  g lands, p an creas  an d  th y m u s [Moore, 1984]. 
Severe ocu lar m anifesta tion  of system ic h istiocytosis w as reported  
in  a  3 year old B ernese M ountain  Dog. The dog h a d  typical clinical 
signs in  add ition  to severe ocu lar involvem ent. Skin, h eart, k idneys 
a n d  p e riphera l lym ph nodes were affected [Scherlie et a l, 1992]. 
System ic h istiocy tosis h a s  also been  d iagnosed in  a  5 m on th  old 
M iniature Poodle a n d  in  a  4 m on th  old Belgian Sheepdog. The 
c u ta n eo u s  lesions were ra th e r  u n u su a l consisting  m ainly of 
e ry them atous pap u les  a n d  c ru s ts  ra th e r  th a n  nodu les. The course  
of th e  d isease  w as quite  sh o rt (1 m onth). The o ther clinical signs 
a n d  th e  histologic fea tu res  were consisten t w ith  th e  diagnosis of 
system ic h istiocytosis [Scott et a l, 1986].
P eriphera l lym ph nodes in  system ic h istiocytosis a re  slightly 
enlarged, th e  cortex a n d  the  m edu lla  are  n o t clearly defined an d  th e  
capsu le  a n d  trab ecu la  ten d  to be th ickened. The infiltrate consists
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m ainly  of h istiocytes w ith som e lym phocytes, n eu tro p h ils  an d  
eosinophils th a t ten d  to be angiocentric w ith  histiocytes frequently  
infiltrating  the  blood vessel walls. Throm bosis is often p re sen t 
w ith in  the  lesions a s  well as focal a reas  of coagulative necrosis 
[Scherlie et a l,  1992; Moore 1984; Scott et al., 1979]. The m itotic 
index in  h istiocytes is generally low an d  m u ltinuclea ted  g ian t cells 
a re  very ra re  [Scherlie et a l ,  1992; M uller et a l, 1989; Sco tt et a l ,  
1986; Moore, 1984]. The cu tan eo u s infiltrate  ten d s  to be 
perivascu lar in  nodu les or diffuse invading the  derm is a n d  su b c u tis  
[Muller et a l,  1984]. H istiocytes sire positive for lysozyme, a-1  an ti- 
trypsin  a n d  S100 protein .
The aetiology is still unknow n, a lthough  s tu d ies  on pedigree d a ta  in  
B ernese M ountain  Dogs seem  to suggest the  involvem ent of a  
genetic m echan ism . Antibiotics, corticosteroids a n d  cytotoxic d rugs 
have been  u se d  w ithou t success. Im m unoregulatory  therapy  w ith  
bovine thym osin  fraction  5 seem ed to have a  good response  a s  
repo rted  by Moore [1984] an d  Muller an d  co-w orkers [1989].
In th e  dog, histiocytic derm atoses have been  classified according to 
the  h u m a n  classification [Yager & Wilcock, 1994; G ross et a l ,  
1992; M uller et a l ,  1989]. The equivalents of som e h u m a n  
histiocytic d iso rders have been recognized in  the  dog, b u t o ther 
h u m a n  histiocytic d iseases do no t seem  to have a  can ine  
c o u n te rp a rt a n d  in  addition, the  classification of som e of these  
d iso rders in  m an  is still debated.
The aim of th is  project w as to s tu d y  can ine  histiocytic d iso rders 
utilizing m onoclonal leukocyte m arkers in  a n  a ttem p t to identify the  
n a tu re  of the  cells in  th e  infiltrate an d  to classify the  lesions. As 
ou tlined  above, s tu d ies  in  m an  have been  u n d e rta k en  for a  m u ch  
longer tim e th a n  in  any  o ther species. A great variety  of leukocyte 
m ark e rs  h a s  been  applied  in m an  an d  classification of these  
conditions h a s  been  d iscu ssed  in m u ch  detail th ro u g h o u t the  p a s t  
few years. The findings of th is s tu d y  will, therefore, be com pared
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m ainly w ith the  h u m a n  lite ra tu re  a n d  to a  lesser ex tent w ith canine 
pathology due  to the  paucity  of im m unohistological inform ation 
available for the  dog.
5.2. Materials and Methods
Skin  sam ples from 19 dogs w ith  histiocytic derm atoses were 
available for im m unohistochem istry . Sam ples h a d  been  subm itted  
to th e  D epartm en t of V eterinary Pathology for diagnostic histology 
by Glasgow U niversity V eterinary H ospital or directly by veterinary  
p rac tices in  the  Glasgow area. The affected dogs were of different 
sexes an d  breeds, 3 Rough Collies, 9 B order Collies, 6 collies, an d  1 
L abrador Retriever and  aged betw een 2 a n d  12 years. F u rth e r 
deta ils of th e  dogs are  listed  in  Table 5.1.
A fixed sk in  biopsy w as available from  dogs 1-18. These sam ples 
were retrieved from the archives of the  D epartm ent of V eterinary 
Pathology of Glasgow V eterinary School. B oth fresh  an d  fixed 
biopsies were tak en  from dog 19.
In dogs 1 to 18 only the m arkers  su itab le  for paraffin-processed 
tissu es  (i.e. CD3, CD5, CD79a, CD79b, CD68, MAC387 and  
lysozyme) could  be u sed  while in  dog 19 all the  m arkers of Panel 1 
(p.75) w ere applied  to the  sections. H aem atoxylin a n d  Eosin, PAS, 
G ram ’s, W ade-Fite a n d  au ram ine  sta in ing  w as perform ed on  each  
sam ple. An alternative  m ethod  of unm ask in g  antigen, p ressu re  
cooking, w as in troduced  during  th is  study . This techn ique w as 
applied  to a  b a tch  of slides chosen  a t  random  w ith the  in ten tion  of 
reducing  th e  problem  of background  sta in ing  w hich w as very 
in tense  a n d  diffuse particu larly  in  the  slides cu t from th e  oldest 
blocks. M ethods a n d  reagen ts are  fully described  in  C hap ter 2.
5.3. Results
The 19 dogs were divided into 3 su b g roups according to the  
histologic classification of the  sk in  infiltrate; g ranu lom atous 
inflam m ation, lym phom atoid g ranu lom atosis an d  histiocytosis.
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DOG BREED AGE SEX DIAGNOSIS
1 Rough Collie 9yrs F granulom atous inflam m ation
2 collie 6yrs M granulom atous inflamm ation
3 Rough Collie 5yrs F granulom atous inflam m ation
4 collie 12yrs FN granulom atous inflam m ation
5 Rough Collie granulom atous in f lam m atio n
6 collie ly rs F granulom atous inflam m ation
7 collie 7yrs M lym phomatoid granulom atosis
8 collie 2yrs F lym phomatoid granulom atosis
9 Border Collie 2yrs M lym phomatoid granulom atosis
10 Border Collie 5yrs FN lym phom atoid granulom atosis
11 Border Collie 4yrs FN lym phomatoid granulom atosis
12 Border Collie F lym phomatoid granulom atosis
13 collie l ly r s F lym phomatoid granulom atosis
14 Border Collie 4yrs M lym phomatoid granulom atosis
15 Border Collie F histiocytosis
16 Border Collie histiocytosis
17 Border Collie 4yrs FN histiocytosis
18 Border Collie 3yrs M histiocytosis
19 Labrador
Retriever
4yrs M histiocytosis
Table 5.1. D etails of the 19 dogs affected by histiocytic derm atoses.
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No foreign bodies h a d  been dem onstra ted  by s ta n d a rd  
light m icroscopy or by polarisa tion  (McNeil, Personal 
C om m unication). A series of special s ta in s  on each  sam ple  w as 
reviewed; PAS for fungal elem ents, G ram ’s s ta in  for bac te ria  in 
general a n d  W ade-Fite a n d  au ram ine  for m ycobacteria  in 
pa rticu la r, all failed to reveal the  presence of any  m icro-organism  
w ith in  th e  tissu es.
W ith im m unohistochem istry , non-specific sta in ing  of epithelium , 
adnexal g lands an d  m uscles w as no ted  in  all paraffin sections 
a lth o u g h  less  background problem , be tter m orphology an d  be tter 
quality  of s ta in ing  w as achieved in  the  p ressu re  cooked slides.
5.3.1. Granulomatous inflammation.
Lesions in  dogs 1 to 6 were classified a s  g ranu lom atous 
inflam m ation . These lesions consisted  of necrotising folliculitis an d  
adnexal g land  atrophy, the  epithelium  w as hyperp lastic  an d  
acan tho tic , spongiosis w as also noted. The m ixed cell infiltrate, 
p redom inan tly  in  the  m id a n d  deep derm is, w as m ainly  n odu lar 
w ith  som e discrete g ranu lom as a n d  consisted  of large ro u n d  cells 
w ith  a b u n d a n t cytoplasm  assu m ed  to be histiocytes a s  well as 
sm all ro u n d  cells (lymphocytes) a n d  granulocytes an d  p lasm a  cells 
in  variab le  proportions.
W ith im m unohistochem istry  10% to 25%  of the  histiocytic cells 
w ere w eakly positive for CD3 an d  25%  to 50%  were also positive for 
CD5. Sm all lym phoid cells were positive for CD79a a n d  CD79b in  
v arious percen tages ranging from 10% to 50% . MAC387 sta in ed  
10%  to 25%  of the  large cells while lysozyme sta ined  25%  to 50%  of 
the  large cells (Table 5.2.). B oth  MAC387 an d  lysozyme also s ta in ed  
polym orphonucleated  cells. CD68 w as positive only in  dogs 1 a n d  2 
sta in in g  a  few  scattered  cells.
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5.3.2. Lymphomatoid granulomatosis.
Lesions in  dog 7 to 14 were classified a s  lym phom atoid 
g ranu lom atosis. These lesions were charac terised  by a  perivascu lar 
infiltrate, vascu lopathy  or vascu litis an d  adnexal g land  atrophy. 
The cell infiltrate w as form ing m ainly sh ee ts  a n d  in  som e cases 
nodu les an d  consisted  m ostly  of large ro u n d  cells w ith a b u n d a n t 
cytoplasm  p resum ed  to be histiocytes an d  lesse r n u m b ers  of sm all 
ro u n d  cells (lymphocytes) a n d  only a  few granulocytes.
Im m un o sta in in g  show ed th a t  CD3 sta ined  w eakly ab o u t 10% to 
25%  of th e  histiocytes a n d  lym phocytes in  all dogs while CD5 w as 
positive in  u p  to 50%  of the  sm all lym phoid cells a n d  the  larger 
histiocytic cells. CD 79a a n d  CD79b either s ta in ed  only a  few 
sca tte red  cells or were negative in  all dogs a p a rt from  dog 12 w here 
C D 79a s ta in ed  u p  to 50%  of the  cells an d  CD79b 25%  of the  cells. 
MAC387 w as positive in  only 10% of the  histiocytic cells, while 
lysozyme sta in ed  25%  of the  histiocytic cells in  all dogs. Both 
MAC387 an d  lysozyme sta in ed  a  few polym orphonucleated  cells 
(Table 5.3.). CD68 sta in ed  a  few scattered  cells in  dogs 8 a n d  10.
5.3.3. Histiocytosis.
Lesions in  dogs 15 to 19 were classified a s  h istiocy tosis (Figures 
5 .1 a ./b ., F igures 5 .2 a /b . an d  Figures 5 .3 a ./b .) . These lesions 
p resen ted  a  m ore or less diffuse derm al infiltrate a n d  adnexal g land 
atrophy , the  epithelium  w as hyperplastic  an d  spongiosis w as noted  
in  m ost cases. The cell infiltrate m ainly form ed sh e e ts  a n d  nodules 
a n d  consisted  of n u m ero u s large ro u n d  cells w ith  a b u n d a n t 
cytoplasm  assu m ed  to be h istiocytes an d  som e sm all ro u n d  cells 
(lymphocytes) a n d  granulocytes.
Im m unosta in ing  revealed th a t CD3 sta in ed  only a  few lym phoid 
cells in  dogs 15, 17 an d  18 an d  w as negative in  two dogs. CD5 
sta in ed  10 to 25%  of lym phoid cells in  two dogs, b u t it w as 
im possible to in te rp re te  th e  re su lts  in  the  o ther 3 dogs because  of 
heavy background . CD 79a a n d  CD79b were bo th  negative in  dog
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16, while they  bo th  sta ined  betw een 10% and  25%  of the  lym phoid 
cells in  the  o ther dogs. MAC387 w as positive in  10% to 25%  of the 
h istiocytic cells in  four dogs b u t it w as negative in  dog 18. 
Lysozyme sta in ed  from  10% to 50%  of the  h istiocy tes in  all five 
dogs (Table 5.4. a n d  Table 5.5.; F igures 5.1b., 5 .2b. an d  5.3b.). 
CD68 w as consisten tly  negative in  all dogs a p a r t from dog 18 w here 
a  few sca tte red  cells were positive.
In  dog 19, THY-1 a n d  CD8a sta ined  a  few sca tte red  cells, CD4 
s ta in e d  ab o u t 25%  of the  cells while C D 45pan a n d  CD45RA were 
b o th  negative. MHC-II w as positive in  ab o u t 50%  of th e  larger cells 
a n d  a b o u t 25%  of sm all lym phocytes (Table 5.6).
5.4. Discussion
M acrophage/m onocyte  lineage cells are  a  very im portan t 
com ponen t of the  im m une system . The function  of these  cells is to 
phagocytose o ther cells, m icroorganism s an d  an tigens a n d  to 
p re se n t an tigens to T-cells to activate the  im m une response. 
M acrophage/h istiocy te  cells, L angerhans cells a n d  indeterm inate  
cells a re  p resen t in  the  sk in . It h a s  been suggested  th a t  an  
in ap p ro p ria te  s tim u lu s  or over stim ula tion  of these  cells can  cause  
excessive m ultip lication  of norm al m acrophagic cells or neoplastic  
tran sfo rm atio n  [Male et al, 1993; Tizard, 1992]. A n u m b er of su ch  
d iso rders h a s  been  described  in  h u m a n  an d  ve terina iy  m edicine 
th ro u g h o u t th e  years.
In  h u m a n s , h istiocytoses were recently  classified by the  “W riting 
G roup of the  Histiocyte Society* classification in  1987 [Pritchard & 
B roadben t 1994]. L angerhans cell histiocytosis, cu tan eo u s 
h istiocytosis, m alignan t h istiocytosis, lym phom atoid papu losis  and  
lym phom atoid  g ranu lom atosis are  all quite ra re  b u t well recognised 
a n d  som e of them  have a  poor prognosis [B roadbent et a l , 1994; 
C arlson  & Gibson, 1991; Zambello & Sem enzato, 1991; Cerio &
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DOG cell
type
CD3 CD5 CD79a CD79b MAC387 lysozyme
1 L + ++ ++ +
H + +++ ++ + + ++
2 L ++ +++ +++ + - -
H ++ +++ +++ + + ++
3 L + +++ + + - -
H + +++ + + ++ +++
4 L + ++ + + - -
H + ++ + + + ++
5 L ++ ++ ++ + - -
H ++ +++ ++ + + ++
6 L - nd ++ - - -
H - nd - - + ++
Table 5 .2 . Im m unostaining of cu taneous sam ples from 6 dogs 
w ith granulom atous in fla m m atio n .
DOG cell
type
CD3 CD5 CD79a CD79b MAC387 lysozyme
7 L + + + - - -
H + +++ + - + ++
8 L + +++ + - - -
H + +++ + - + ++
9 L + ++ + - - -
H + +++ + - + ++
10 L ++ ++ + + - -
H ++ +++ + + + ++
11 L + n d + - - -
H + n d - - + ++
12 L ++ n d +++ ++ - -
H ++ n d +++ ++ + ++
13 L + - + - - -
H - +++ - - + ++
14 L + n d - - - -
H + n d - - + ++
Table 5 .3 . Im m unostaining of cu taneous sam ples from 8 dogs 
w ith lym phom atoid granulom atosis.
L lym phocytes
H histiocytes
- negative + 10 % ++ 25% +++ 50% ++++ 75% ++++ 100% nd not done
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Dog cell
type
CD3 CD5 CD79a CD79b MAC387 lysozyme
15 L + n d ++ - - -
H + n d ++ - ++ +++
16 L - n d - - - -
H - n d - - + +
17 L - n d - + - -
H + n d ++ ++ + +
18 L ++ ++ ++ + - -
H + ++ ++ + ++
Table 5.4. Immunostain ing  of cu taneous sam ples from 4 dogs w ith histiocytosis.
Dog cell CD3 CD5 CD79a CD79b MAC387 lysozyme
ty p e  _ _
19 L - + + +
H - + ++ + ++ ++
Table 5.5 . Im m unostaining of cu taneous sam ples from 1 Labrador Retriever 
affected by histiocytosis.
Dog cell THY-1 CD4 CD8a CD45pan CD45RA MHC-II 
type
19 L + ++ + - - ++ 
H - - +++
Table 5.6. Im m unostaining of cu taneous sam ples (cryostat sections) from 1 
Labrador Retriever affected by histiocytosis.
L lym phocytes 
H histiocytes
- negative + 10% ++ 25% +++ 50% ++++ 75% ++++ 100% nd not done
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Figure 5.1a. Cell infiltrate in deep derm is of 4 year old Border 
Collie (dog 17) w ith h istiocytosis [H&E, x 125].
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Figure 5. lb . Im m unosta in ing  of cell infiltrate in deep derm is of dog
17 with MAC387 [ABC m ethod, x 312.5].
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Figure S.2a. Cell infiltrate  in m id and  deep derm is of 4 year old 
Labrador Retriever (dog 19) with histiocytosis [H&E, x 125].
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Figure 5.3a. Cell infiltrate  in superficial derm is of 3 year old Border 
Collie (dog 18) w ith h istiocytosis [H&E, x 125].
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Figure 5.2b. Im m unosta in ing  of cell infiltrate in m id and  deep 
derm is of dog 19 w ith MAC387 [ABC m ethod, x 312.5].
%
Figure 5.3b. Im m unosta in ing  of cell infiltrate in  superficial derm is
of dog 18 w ith lysozyme [ABC m ethod, x 312.5].
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Black, 1990; B erti et a t, 1990; M cNutt et a t,  1990; Jom brosic  et 
a t,  1990; C abane et a t, 1990; T uneu et a t, 1988; A gnarsonn et a t,
1988]. W ith th e  exception of can ine histiocytom a, w hich is a  
com m on cu tan eo u s neoplasm  in young dogs, histiocytic derm atoses 
are  a s  ra re  in  the  dog as in  m an  w ith cu tan eo u s histiocytosis, 
m alignan t histiocytosis, system ic h istiocytosis an d  lym phom atoid  
g ranu lom atosis  having been  described  [G oldschm idt & Shofer, 
1992; G ross et a t,  1992; M uller et a t ,  1989].
In th is  s tu d y  cu tan eo u s biopsies from 19 dogs were available for 
im m unohistochem ical staining. B iopsies from 18 dogs were 
retrieved from the  archives, additional sam ples (frozen a n d  paraffin) 
were received from one dog. No causative  agen ts  were identified in 
any  of th e  lesions. The lesions were classified a s  g ranu lom atous 
inflam m ation, lym phom atoid g ranu lom atosis a n d  h istiocytosis. 
CD68 an tibody  w as tried  in  all dogs in  con junction  w ith  MAC387 
an d  lysozyme. U nfortunately, as w ith  a  variety  of no rm al tissu es  
(See C hap ter 3) CD68 failed to s ta in  m acrophages consisten tly  in  
e ither m icrow aved or p ressu re  cooked sections of can ine  tissue . 
P ressu re  cooking w as in troduced  in  a n  a ttem p t to overcom e the 
diffuse background  sta in ing  an d  the  weak, a lthough  specific, 
sta in ing  of lym phoid cells by CD3, CD5, C D 79a an d  CD79b 
encoun tered  in  all 18 sam ples retrieved from the  archives. A b a tch  
of slides chosen  a t  random  from these  sam ples w as res ta in ed  
utilizing p re ssu re  cooking to u n m ask  the  an tigens. In these  slides, 
the  nonspecific sta in ing  of m uscles, adnexal g lands a n d  epithelium  
w as still p resen t, b u t  the  diffuse background  sta in ing  w as absen t; 
in  add ition  the  sta in ing  of lym phocytes w as m u ch  stronger th a n  in  
the  m icrow aved sections. It w as also no ted  th a t w ith  p ressu re  
cooking the  m orphology of the  sk in  w as b e tte r preserved.
Lesions from  six dogs were classified a s  id iopathic g ranu lom atous 
inflam m ation  on  th e  basis  of the  histological fea tu res an d  the 
absence  of m icro-organism s. Im m m unohistology revealed th a t, as
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seen  in  th e  H&E sections, the  infiltrate w as com posed of a  variety of 
cells, th e  m ajority  of w hich sta ined  positively for e ither T- or B-cell 
m ark e rs . CD3, CD5, CD79a an d  CD79b sta in ed  sm all ro u n d  cells 
identified  a s  lym phocytes, b u t they also s ta in ed  larger ro u n d  cells 
i.e. T- or B- lym phoid cells th a t in  the  H&E sections were no t 
d istingu ishab le  from histiocytic cells. U nfortunately  it was 
im possib le  to phenotype the  T-cells because  can ine  CD4 a n d  CD8a 
an tibod ies were effective only on cryosta t sections. MAC387 and  
lysozyme were expressed  on histiocytic cells b u t  did n o t s ta in  any 
of th e  sm all lym phocytes. Lysozyme w as expressed  on a  greater 
n u m b e r of cells th a n  MAC387. B oth MAC387 a n d  lysozyme sta ined  
th e  g ranu locy tes p resen t in  the  lesions.
These lesions h a d  d istinc t histological a n d  im m unological features, 
w ith  a  m ixed cell infiltrate  w hich did n o t b ear any  stric t 
resem blance  to any  of the  histiocytoses exam ined a lthough  the 
lim ited n u m b er of m arkers  applicable did show  th a t  a  percen tage of 
large cells w as of T- an d  B-lineage ra th e r  th a n  of h istiocytic lineage. 
In  th e  fu tu re  m ore m ark e rs  shou ld  be applied  a n d  m ore cases 
s tud ied . The d a ta  ob tained  were insufficien t to a ttem p t a n  
hypo thesis  on  the  n a tu re  of the  infiltrate in  th is  k ind  of lesion. It is 
still n o t clear w hether these  lesions are  reactive inflam m ation  or 
w he ther they  are  paraneop lastic  d isorders a n d  if they  are, w hether 
h istiocytic or lym phocytic neop lasm s could develop from  them  in  
th e  w ay th a t  T-lym phom a m ay arise  from lym phom atoid  papu losis 
in  m an .
S am ples from  8 dogs, were classified a s  lym phom atoid 
g ranu lom atosis . D iagnosis w as again  based  on  th e  histological 
fea tu res  a n d  the  absence  of m icro-organism s. Im m uno- 
histologically, ab o u t h a lf  of the  large lym phoid cells a n d  25%  of the  
sm all lym phoid cells s ta in ed  positively for CDS a n d  u p  to 25%  of 
th e  sm all lym phoid cells a n d  the  large histiocytic cells s ta in ed  for 
CD3. Of th e  two B-cell m arkers, CD 79a w as positive in  only a  few
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sc a tte re d  sm all a n d  large lym phoid cells in  m ost dogs, a lthough  in 
50%  of th e  sm all a n d  large lym phoid cells in  dog 12. This finding 
su g g ests  th a t  a  m ost of the  m ixed population  w as of T-lineage. It 
w as noticeab le  th a t  B -lym phocytes were p resen t in  m u ch  sm aller 
n u m b e r in  these  lesions in  com parison  to the  proportion  of B- 
lym phocytes occuring in  the  g ranu lom atous inflam m ation 
described  above. Som e m acrophages were also p resen t in  the 
p op u la tio n  a n d  consisten tly  s ta in ed  for MAC387 a n d  lysozyme, 
w ith  lysozyme sta in ing  m ore cells th a n  MAC387. B oth m arkers 
w ere exp ressed  on granulocytes. The nu m ero u s s tud ies  conducted  
on  lym phom atoid  g ranu lom atosis in  m an  also show  th a t  the  
in filtrating  cells are m ainly  positive for T-cell m ark e rs  and  
m acrophage  m ark e rs  w ith  only a  few B-cells p resen t an d  th a t  the  T- 
cells a re  he lper T-cells ra th e r  th a n  su p p resso r [Savoia et al., 1994; 
Tong e t al., 1992; C arlson  & G ibson 1991; T roussard  et al., 1990; 
M cN utt e t al., 1990; C abane e t al., 1990; Cam isa, 1989; G au lard  et 
al., 1988; W hittaker et al., 1988]. U nfortunately  all sam ples 
available for th is  s tu d y  were em bedded in  paraffin w ax and  
pheno typ ing  th e  T-cells w as im possible because  n e ith e r CD4 nor 
CD 8a an tibod ies were effective in  p a raffin sections. While 
im m unohisto logical s tu d ies  conducted  on lym phom atoid 
g ranu lom atosis  in  the  dog have u tilised  lysozyme, a lp h a -1 
a n titry p s in  [Fitzgerald et a l, 1991; LeBlanc et al., 1990] a n d  S100 
[LeBlanc e t al., 1990], no w ork h a s  been  pub lished  on  th e  u se  of 
m onoclonal leukocyte m arkers. In th is  study, the  sta in ing  p a tte rn  
ob ta ined  for th e  lesions classified a s  lym phom atoid g ranu lom atosis 
w as d is tin c t from the  s ta in ing  p a tte rn  of g ranu lom atous 
in flam m ation  described  above suggesting  th a t th is  is a  different 
h istiocytic d iso rder w ith  som e sim ilarities to h u m an  lym phom atoid 
g ranu lom atosis . A p anel w ith a  w ider range of m onoclonal m arkers  
sh o u ld  be u tilised  if possible  a n d  a  g rea ter n u m b er of dogs w ith
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th is  uncom m on  b u t clinically im portan t condition shou ld  be 
investigated.
Sam ples from 5 dogs were classified a s  histiocytosis on the  basis  of 
the  histology and  the  absence of m icro-organism s. 
Im m unohistologically, the  lym phoid m arkers s ta in ed  only a  sm all 
proportion  of th e  cells p resen t. CD3 w as negative in  two dogs, while 
it s ta in ed  10% to 25%  of the  lym phoid cells in  the  o ther dogs. CD5 
s ta in ed  10%  to 25%  of the  cells in  the  two dogs w here coun ting  w as 
possible. Som e B-cells (10% u p  to 25%) were also p re sen t in  m ost 
dogs sta in ing  for CD79a an d  CD79b. These findings suggested  th a t 
m u ch  of the  infiltrate w as com posed of cells o ther th a n  T or B- 
lym phocytes. However, the  histiocytic m arkers MAC387 an d  
lysozyme s ta in ed  only 25%  of cells or less in  ail cases. In th e  one 
dog (19) w here frozen tissue  w as available, the  T-cell m ark e rs  were 
positive in  only a  sm all proportion  of cells while MHC-II w as 
d em o n stra ted  on  abou t 50%  of the  cells. These re su lts  suggest th a t 
while th e re  m ay be a  sm all proportion  of T-cells assoc iated  w ith  the  
lesions th e  bu lk  of the sk in  infiltrate  is n o t expressing lym phocyte 
an tigens. The possibility rem ains th a t these  m ay be canine 
L angerhans cells b u t the  restric tion  of MHC-II to only h a lf the  
popu lation  is a t odds w ith th is  a lthough  an tigen  expression  can  be 
lost in  abno rm al cells [Male et al., 1993]. The p ic tu re  is fu rth er 
com plicated by the  failure to s ta in  any  of the  cell popu la tion  by 
anti-C D 68 (the only exception w as a  few scattered  cells in  dog 18). 
This m ark e r ra ised  against the  in te rn a l peptide of the  h u m a n  
m acrophage/m onocy te  an tigen  is a  consisten t m ark e r of m a tu re  
h u m a n  h istiocy tes [Pulford et al., 1989; Ruco et al., 1989] b u t in  
m an  it m ay  also be expressed  by the  cells of L angerhans cell 
h istiocytosis. C larification of th e  cell of origin of cu tan eo u s 
h istiocy tosis in  the  dog depends on  the  fu tu re  availability of o ther 
m ark e rs  su c h  a s  CD l a  for u se  on can ine tissues.
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In tru e  histiocytic lym phom a/m alignan t h istiocytosis in  m an , the 
m ajority  of the  cells a re  positive for m onocy te/m acrophage 
m arkers , while a  few p lasm a cells an d  lym phocytes, m ain ly  T-cells, 
c an  be detected  [Arai et a l, 1993; Hirose et al., 1991; Ralfkiaer et 
al., 1991; A gnarsonn e t a l,  1988]. In m alignan t h istiocy tosis in  the 
B ernese  M ountain  Dog, infiltrating cells were found  to be positive 
for lysozyme an d  a lp h a -1 an ti-trypsin  [Goldsm idt e t al., 1992; 
S ha iken  e t al., 1991; M uller et a l, 1989; Moore et al., 1986] and  
w eakly positive for IgA a n d  IgG an d  strongly positive for IgM in  one 
repo rt [Hayden e ta l ,  1993].
In the  p resen t study, a  proportion  of cells rem ained  u n s ta in e d  in  all 
th ree  su b g roups of h istiocytoses exam ined. These cells could  be 
L angerhans cells a lthough  they  failed to express som e of th e  typical 
m ark ers . More specific m arkers i.e. CD la ,  CD 11a, CD l i b  and  
CD 18 sure requ ired  in  the  s tu d y  of all canine histiocytic d isorders.
In conclusion, while the  n a tu re  of the  cell or cells con tribu ting  to 
these  derm al infiltrates in  the  dog rem ains speculative, the  fact th a t 
the  p a tte rn  of s ta in ing  differed from case to case  b u t th a t  th e re  was 
som e agreem ent in  line w ith  the grouping determ ined  by 
histopathology suggests th a t  there  are  indeed a  n u m b er of different 
d iso rders or a t least d istinc t stages in  the  spectrum  of the  abnorm al 
h istiocytoses. A wide range of m onoclonal leukocyte m ark e rs  would 
be n ecessa ry  to be applied  to s tud ies  on can ine  histiocytoses. 
U nfortunately , only a  few c u rre n t m arkers a re  specific for, or cross- 
react, w ith  the  dog a n d  of these  m arkers only a  sm all n u m b er can  
be u se d  in  paraffin sections. This lim its dram atically  th e  possibility 
of resea rch , while m ost of the  sam ples, received from practices, are 
still fixed in  10% BNF for econom y and  ease  of tran sp o rt. In a 
recen t s tu d y  on bovine leukocytes, it w as d em o n stra ted  th a t for the 
p reserva tion  of leukocyte an tigens the  storage of the  sam ples is very 
im portan t. Fixation w ith e ither periodate-lysine-paraform aldehyde 
d ichrom ate  (PLPD) or buffered formalin w ith d ichrom ate  in
154
com bination  w ith a  low tem p era tu re  em bedding procedure  using  
low m elting  po in t paraffin  wax w as strongly recom m ended for 
p reserva tion  of histological s tru c tu re s  an d  im m unohistological 
identification  of leukocyte an tigens [Rathkolb e t a l, 1995]. All 
sam p les retrieved from the  archives for th is  s tu d y  h a d  been 
em bedded  in  paraffin for a  few years in  addition  to having  been 
fixed in  form alin for varying periods. This could have accoun ted  for 
th e  loss of som e leukocyte an tigens and  influenced the  resu lts  
described  here. P ressu re  cooking proved to be the  m ethod  of choice 
for u n m ask in g  an tigens in  paraffin  sections because  it g u aran tees  
p reserva tion  of tissu e  m orphology.
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CHAPTER 6. LYMPHOMA
6.1. Introduction
Lym phoproliferative disorders, including lym phom a, leukaem ia 
a n d  m yelom as are neoplastic  d iseases affecting lym phoid cells. 
L ym phom a (m alignant lym phom a or lym phosarcom a) is a  term  
u se d  to refer to lym phoid neoplasm s originating in  a  solid 
haem opoietic organ (i.e. lym ph nodes, spleen, liver or thym us) 
[Dodds, 1989].
L ym phom a h a s  been  described in  m any species includ ing  farm  
an im als, dom estic p e ts  an d  h um ans.
V arious form s of lym phom a are recognized in  the  dog and  
trea tm e n t w ith chem otherapy  is cu rren tly  u tilised  in  m any  cases. 
In  m an , classification a n d  im m unophenotype recognition a re  well 
described  for all m ajor types of lym phom a a n d  also for som e 
u n u s u a l  v a rian ts  b u t little work of th is  so rt h a s  been  done in  the 
dog.
The first classification of h u m an  lym phom a divided these 
neop lasm s into two groups: Hodgkin’s d isease  an d  non-H odgkin’s 
lym phom a. It w as no ted  th a t  the  n a tu ra l course  of th e  d isease  and  
th e  survival tim e in  p a tien ts  affected by non-H odgkin’s lym phom a, 
even w ithou t trea tm en t, w as very variable, a n d  w ith  the  adven t of 
new  th e rap ies  it becam e m ore an d  m ore im p o rtan t to achieve a  
clinically relevan t histologic classification. Non-Hodgkin’s 
lym phom a w as first classified by R appaport [1966]. The R appaport 
c lassification  w as b ased  on sm all or large cells a n d  diffuse or 
follicular p a tte rn . V arious a ttem p ts  were m ade since 1966. The Kiel 
[Lennert, 1967] a n d  the  Lukes-Collins [Lukes & Collins, 1975] 
c lassifications were b ased  on the  cytologic fea tu re  of the  neoplastic  
cells. The new  u p d a ted  Kiel classification [Lennert & Feller, 1975] 
is  a  sim pler classification based  on biological an d  im m unological 
fea tu res of lym phom as. This classification, widely u se d  in Europe,
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dividing lym phom as into low and  high grade, h a s  proved to have 
th e rap eu tic  relevance. In con trast, the  W orking Form ulation  for 
C linical Use divides lym phom as into th ree  groups of m alignancies 
an d  it is b ased  on m orphological charac teristics . This 
classification, still u sed  in  U nited S ta tes  of America, is not 
un iversally  accep ted  [Isaacson, 1992].
The aim  of th is  ch ap te r w as to s tu d y  cu tan eo u s lym phom a in  the 
dog. C u taneous lym phom a is d iagnosed fairly frequently  a n d  the 
necessity  of a n  accu ra te  prognosis h a s  increased  recently  w ith  the 
in tro d u c tio n  of a  variety  of protocols of chem otherapy  and  w ith  an  
increasing  n u m b er of ow ners w anting  chem otherapy. The 
in tro d u c tio n  of th is  chap ter includes a  review on cu tan eo u s T- and  
B-cell lym phom a in  the  h u m a n  an d  can ine lite ra tu re . A brief 
ou tline  of lym phom a in  o ther species i.e. equine, bovine, ovine, 
caprine, porcine a n d  feline is also given.
6.1.1. Lymphoma in Man.
L ym phom a in  m an  h a s  been  divided into H odgkin’s d isease  and  
non-H odgkin’s lym phom a [Lee & A nderson, 1980]. H odgkin’s 
lym phom a is the  com m onest form of lym phom a in  m an . It is 
ch arac te rised  by a  p a rticu la r type of g ian t cell, the  R eed-S tem berg  
cell a n d  u su a lly  a rises from the lym ph nodes a lthough  spleen, 
k idneys a n d  bone m arrow  are frequently  affected; lu n g s and  
g astro -in tes tin a l tra c t are less frequently  involved. All o th er types 
of lym phom a are  designated  a s  non-H odgkin’s  a n d  are  of T- 
lym phocyte or B-lym phocyte or m acrophage lineage. They can  be 
broadly  classified a s  low-grade lym phom as w hich are  m ostly  B-cell 
derived a n d  h igh-grade lym phom as th a t can  be e ither T-cell, B- cell 
or m acrophage derived.
In m an , a  wide spec trum  of cu tan eo u s T-cell lym phom as (CTCL) 
h a s  been  reported  [Norris & LeFeber, 1986]. C u taneous T-cell 
lym phom as have been  divided into two subgroups, epiderm otropic
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a n d  non-epiderm otropic cu tan eo u s lym phom a. M ycosis fungoides 
(MF) is a n  epiderm otropic cu tan eo u s T-cell lym phom a, where 
ep iderm otropism  is lost in  the  advanced stage of the  disease. 
Sezary Syndrom e (SS) h a s  been identified in  m an  as ano ther 
epiderm otropic cu tan eo u s T-cell lym phom a, w ith blood 
involvem ent. M ycosis fungoides can  develop into Sezary Syndrom e. 
E piderm otropism  is also variably expressed  in  HTLV-associated 
a d u lt T cell leukaem ia/lym phom a (ATL), i.e. in  m any  p a tien ts  the 
infiltrate can  be derm al only. The o ther CTCL (T-im m unoblastic 
lym phom a, chronic m ultilobulated  T-cell lym phom a, chronic 
lym phoblastic  leukaem ia T-cell type a n d  T-lym phoblastic 
lym phom a) are  non-epiderm otropic, an d  the ir infiltrate is either 
derm al or su b cu tan eo u s. E piderm otropism  is considered  by Norris 
a n d  LeFeber [1986] to be the  ability of th e  neoplastic  T-cells to 
in te rac t w ith  one an o th e r an d  w ith the  epithelial cells or the  resu lt 
of inductive effects of the  epiderm is on these  cells.
M ultiple factors seem  to play  a n  im p ortan t role in  the  aetiology and  
pa thogenesis  of lym phom a [Chem off et al., 1992]. A H erpes v irus 
h a s  been  iso lated  in  birds; C-type R etroviruses have been  found in 
roden ts , ca ts  an d  su b -h u m an  p rim ates. In h u m a n s  only the 
E pste in -B arr v iru s  and  the  h u m a n  T-cell leukaem ia v iru s have 
been  reported .
Cutaneous B-cell lymphoma. Involvem ent of the  sk in  by B-cell 
lym phom a occurs in  less th a n  5%  of aJl lym phom a [Murphy, 1990]. 
It can  be a  la te  m an ifesta tion  of a  nodal B-cell lym phom a or the  
sk in  m ay be th e  only organ affected. Nodules ap p ea r on th e  head, 
neck  or t ru n k  a n d  they  can  be e ither single or m ultiple. Scaling is 
rare . The infiltrate  is perivascu lar a n d  periappendageal w ith in  the  
m id- a n d  deep derm is. The superficial derm is a n d  subepiderm is, 
the  so-called  “grenz* zone, a re  spared . The infiltrate  is 
m onom orphous. Different reports [W atsky et al., 1991; Pim pinelli et 
a l, 1989] ind icate  different prevalences noting th a t non-H odgkin 's
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lym phom a involves the  sk in  in  6%  to 20%  of cases. According to 
Penny a n d  o thers [1991] an d  S an tucc i an d  o thers [1991] m ales are 
m ore likely to be affected th a n  fem ales. C u taneous involvem ent 
co n sis ts  of m ultip le derm al nodules, p laques, papu les, and  
in d u ra tio n s  w ith solitary  p laques a n d  can  affect the  sk in  on any  
a re a  of the  body [Joly et a l,  1992; Delabie et a l, 1992; M oham m ad 
et al., 1991; Tope et al., 1991; B u rn s  et al., 1991; B aneijeee  e t a l, 
1991; Penny et a l, 1991; Liang et al., 1989; M cNutt et a l ,  1989; 
Pim pinelli e t a l,  1988].
At m icroscopy, the  cu tan eo u s lesions have pa tchy  perivascu lar and  
periadnexal d istribu tion  or a  diffuse band-like a rrangem en t of the 
in filtrate  in  the  u p p e r derm is; som etim es cells can  extend from  the 
u p p e r derm is into th e  su b cu tan eo u s  fat. The infiltrate is com posed 
of follicular centre-cells (sm all a n d /o r  large cleaved a n d /o r  large 
non-cleaved), m acrophages, few eosinophils, n eu troph ils  and  
p lasm a  cells [Mayou et al., 1991; B aneijee  et a l, 1991; Pim pinelli et 
a l,  1989; M cNutt et a l, 1989]. O ccasional b las t cells an d  
m u ltinuc lea ted  g ian t cells can  be seen  [Mayou et a l, 1991; 
B aneijee  e t al., 1991; M cNutt et a l, 1989].
N um erous im m unohistochem ical s tud ies  w ith different m onoclonal 
an tibod ies have been  m ade show ing th a t the  neoplastic  cells were 
positive for B-cell m ark e rs  (See Table 6.1.).
M ultiple chem otherapeu tic  regim es have been  tried  w ithou t any  
positive re su lt [Delabie et al., 1992; Hong et al., 1991; B u m s  et al., 
1991; M oham m ad e t a l, 1991; Tope et al., 1991; M cNutt e t al.,
1989]. A good response  can  be obtained  w ith local orthovolt 
rad ia tio n  th erap y  [Santucci et al., 1991], w ith or w ithou t com bined 
chem otherapy  [W atsky et al., 1992; Jo ly  et al., 1992].
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Table 6.1. List of leukocyte m arkers found to s ta in  positively in  cutaneous B-cell
lym phom a in  m an.
ANTIBODY AUTHORS
CD 10 Freedm an et al 1991; Lippm an et al 1988
CD 19 Carbone et al 1992; Gorguet et al 1992; Joly et al 1992; Mayou et al 1991; 
Santucci et al 1991; Tope et al 1991; Freedm an et al 1991; Lippm an et al 
1988
CD20 Gorguet et al 1992; Joly et al 1992; Carbone et al 1992; W atsky et al 1992; 
Freedm an et al 1991; Mayou et al 1991; Santucci et al 1991; Schmid et al 
1991; Lippm an et al 1988
CD21 Carbone et al 1992; Freedm an et al 1991; Schmid et al 1991
CD 22 Gorguet et al 1992; Santucci et al 1991; Mayou et al 1991; Lippm an et al 
1988
CD24 Carbone et al 1992; Freedm an e ta l  1991
CD28 Santucci et al 1991
CD 30 Tope et al 1991; GianottL et al 1991
CD 35 Gorguet et al 1992; Carbone et al 1992; Santucci e ta l  1991
CD37 Carbone et al 1992
CD38 Tope et al 1991
CD44 Freedm an et al 1991
CD45 Carbone et al 1992; Tope et al 1991
CD45R Carbone et al 1992; Freedm an et al 1991
CD71 Freedm an e ta l  1991
CD 74 Carbone et al 1992; Freedm an e ta l  1991
HLA-DR Carbone et al 1992; Freedm an e ta l  1991; Lippm an et al 1988
(MHC-II)
neuron Tope et al 1991
specific
enolase
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C utaneous T-cell lymphoma. These m alignancies are  charac te rised  
by a n  indo len t clinical course  th a t  follows a  long la ten t period. The 
m alig n an t cells m ay arise  in  the  lym ph nodes a n d  after 
proliferation, m igrate to o ther o rgans su c h  a s  the  sk in  [Gordon et 
a l ,  1993; M cFadden, 1991; Hong et a l ,  1991; Arm itage et a l,
1989; G uarino, 1989; Salm eron et a l, 1989; Berger e t a l ,  1988;
W einsburger et a l ,  1987].
Som e a u th o rs  report w om en being affected m ore th a n  m en  [Hong 
e t a l ,  1991; Arm itage et a l,  1989]; while according to M cFadden 
[1991] m en  are  m ore com m only affected th a n  women.
The c u ta n eo u s  lesions are  generalized e ry them atous a n d  
eczem atous p laques w ith  a  sym m etrical p resen ta tio n  [Gordon et 
a l ,  1993; M cFadden, 1991; Hong et a l,  1991; Arm itage et al.,
1989; Salm eron  et a l,  1989 G uarino, 1989; Berger et al., 1988;
W einsburger et al., 1987].
The p a rtia l or com plete involvem ent of the  lym ph node in  
con junction  w ith  th e  sk in  is  assoc ia ted  w ith  a  poor prognosis 
[Vonderheid et a l, 1992].
N um erous s tu d ies  have u se d  m onoclonal an tibodies have been  
carried  o u t (See Table 6.2.). C u tan eo u s T-cell lym phom a is a  
m alignancy  of he lper T cells. All lym phoreticu lar neop lasm s w ith 
p rim ary  cu tan eo u s involvem ent com prise helper T cells [Kikuchi et 
a l ,  1992; M cFadden, 1991; G uarino, 1989; Salm eron e t al., 1989]. 
The neoplastic  T cells have the  ch arac te ris tics  of no rm al he lper T 
cells (CD3+, CD2+, CD5+, CD4+ a n d  CD8-) a n d  affinity for th e  
ep iderm is a lthough  a t  a  la te r stage  th ese  cells m ay express a ltered  
su rface  an tigens a n d  lose th e ir affinity for the  epiderm is, a n d  
therefore  they  can  be found  in  th e  lower derm is [Haioun et al., 
1992; C hem off et a l ,  1992; Ralfkiaer, 1991; G ianotti et al., 1991; 
N agatan i e t a l ,  1989; B erger et a l ,  1988; Kung et al., 1988; L ippm an 
e t a l ,  1988]. The n u m b er of he lper T cells ten d s  to expand  w ith
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Table 6.2. List of leukocyte m arkers found to s ta in  positively in cutaneous T-cell
lym phom a in  m an.
ANTIBODY AUTHORS
CD! Freedman et al 1991; Kung et al 1988; Hui et al 1987
CD2 Haioun et al 1992; Gorguet et al 1992; Joly et al 1992; Tefferi et al 1992; 
Freedm an et al 1991; Baneijee et al 1991; Ralfkiaer 1991; Nagatani et al 
1989; Shimoyama et al 1991; Kaudewitz et a l 1989; S teny  et al 1989; 
Berger et al 1988; Lippm an et al 1988; Kung et al 1988
CD3 Chem off et al 1992; Tefferi et al 1992; H aioun et al 1992; Gorguet et al 
1992; Joly et al 1992; Freedman et al 1991; B aneijee et al 1991; Ralfkiaer 
1991; Schmid et al 1991; Shimoyama et al 1991; Smith et al 1991; Rein hold 
et al 1990; Nagatani et al 1989; Kaudewitz et al 1989; S teny  et al 1989; 
Goldstein et al 1989; Vonderheid et al 1987; McMillan et al 1987
CD4 Haioun et al 1992; Joly et al 1992; Chem off et al 1992; Tagaki et al 1992; 
Freedm an et al 1991; Baneijee et al 1991; Ralfkiaer 1991; Gianotti et al 
1991; Shimoyama et al 1991; Reinhold et al 1990; Nagatani et al 1989; 
Kaudewitz et al 1989; Sterry et al 1989; Goldstein et al 1989; Berger et al 
1988; Lippm an et al 1988; Kung et al 1988; Emilia et al 1987; Hui et al 
1987; Vonderheid et a l 1987
CDS Joly et al 1992; Tefferi et al 1992; Haioun et al 1992; Chem off et al 1992; 
Freedm an et al 1991; Ralfkiaer 1991; Reinhold et al 1990; Nagatani et al 
1989; Kaudewitz et al 1989; Sterry et a l 1989; Goldstein et al 1989 Kung et 
al 1988; Vonderheid et al 1987; McMillan et al 1987
CD6 Freedm an et al 1991
CD7 Joly et al 1992; Tefferi et al 1992; Freedm an et al 1991; Reinhold et al 1990; 
Lippm an et al 1988
CD8 Chem off et al 1992; Freedman et al 1991; Smith et al 1991; Lippm an et al 
1988; Kung et al 1988
CD 11a/18 Freedm an et al 1991; Reinhold et al 1990
CD 25 Gorguet e ta l  1 992; Freedman e t a l  1 991; Reinhold e t a l  1 990; Nagatani e t a l  
1989; Sterry et al 1989; Kung et al 1988
CD 29 Freedm an et al 1991; Sterry et al 1989
CD 30 Joly et al 1992; Gorguet et al 1992; Baneijee et al 1991; Kaudewitz et al 
1991; Rein hold et al 1990; Kaudewitz et al 1989; Sterry et al 1989; Kung et 
al 1988
CD38 Freedm an et al 1991
CD44 Freedman e t  a l  1991
CD45 Baneijee e ta l  1991
CD45RO Reinhold et al 1990
CD45RA Sterry et al 1989
CD71 Freedm an et al 1991
HLA-DR Chem off et al 1992; Freedm an et al 1991; Reinhold et al 1990; H ansen et al
(MHC-II) 1990; Sterry et al 1989; Nagatani et al 1989; Lippm an et al 1988; Hui et al 
1987
S100 Hui et al 1987
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progressive infiltration  of the  derm is while su p p resso r T a n d  Pan-T 
cells rem a in  relatively c o n stan t am ong lesions [Vonderheid e t al., 
1987]. Once the  neoplastic  cells have lost th e  CD5 an tigen  they 
s ta in  w ith  strong  in tensity  w ith anti-CD 7 antibody a n d  anti-CD 4 
antibody. The loss of CD 5 an tigen  m ay be a n  ind ication  th a t  the  
neop lastic  lym phoid cells have transfo rm ed  into im m atu re  cells 
[Reinhold et a l, 1991]. Kuadewitz a n d  co-w orkers [1989] reported  
th a t  th e  expression  of CD 5 w as in co n sis ten t in  the  case s  th a t  they  
exam ined.
T-cell lym phom a/leukaem ia  can  be assoc iated  w ith  a  v iral agent; 
u su a lly  it is the  h u m a n  T-cell leukaem ia/lym phom a v iru s type 1 
(HTLV 1), b u t very rarely  (10-15%) it is assoc ia ted  w ith  the  
im m unodeficiency v irus type 1 [McFadden, 1991; G oldstein  e t al., 
1989; Em ilia et al., 1987].
V arious protocols of chem otherapy  have been  u sed  in  m an  trying 
to con tro l th e  developm ent of lym phom a [Takagi et a l,  1992; G reer 
e t al., 1991; M cFadden, 1991; Gulley et al., 1991; C heng e t al., 
1989; Salm eron  et al., 1989; G uarino, 1989; D m itrovsky e t al., 
1987].
M ycosis fungo ides (MF). Mycosis fungoides is a  c u ta n eo u s  T-cell 
lym phom a charac te rised  by epitheliotropism  of the  lym phoid cells. 
The typical clinical fea tu res are  p ru ritic  e ry them atous p laques, 
p ap u le s  (oval, ro u n d  or ovoid), nodu les an d  u lcers all over th e  body 
su rface . P eripheral lym phadenopathy  c an  also be p re se n t [Detm ar 
et a l ,  1991; Reinhold et al., 1990; W orobec-Victor, 1989; Nickoloff 
1988; H oriuchi e t al., 1988; Koch e t al., 1987; S igal-N ahum  e t al., 
1987; M aeda e t a l, 1987].
In h u m a n s  m ycosis fungoides is classified into th ree  clinical stages 
[Worobec-Victor, 1989; Nickoloff 1988].
1) Prem ycotic stage charac terised  by hypopigm ented or fain t p ink  
to red  p a tch y  a reas  a n d  papulo id  elem ents th a t  can  be p ru ritic  or 
ery them atous. This stage can  la s t for years (from 4 to 10 years)
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before progressing  to a  fatal disease. Histology reveals a  sm all 
n u m b er of neoplastic  cells th a t resem ble reactive lym phocytes.
2) The p laque stage in  w hich th ickened alopecic e ry them atous a n d  
p ru ritic  p laques are  the  m ost com m on fea tu res. The p laques m ay 
develop in  prem ycotic lesions or in  previously clinically norm al 
sk in . At th is  stage the  lesions regress spon taneously  in  very ra re  
cases  only. U lceration of the  cu tan eo u s lesions a n d  peripheral 
lym phadenopathy  m ay occur. The p laque stage is u sua lly  sh o rte r 
th a n  th e  prem ycotic stage (a few m on th s to several years).
3) T um our stage  consisting  of red, violaceous, som etim es u lcera ted  
an d  qu ite  pa in fu l nodu les w hich develop w ithin prem ycotic lesions 
or p laques. The nodu les m ay u lcerate , and  ex tracu tan eo u s 
involvem ent of o ther tis su es  is also very com m on.
Histologically, the  m ost significant fea tu res of the  lesions in 
m ycosis fungoides are:
a) b road  sk in  zones in  w hich lym phocytes, no t m arkedly  atypical, 
are  apposed  to b a sa l an d  lower level keratinocytes a s  single cells in  
linear configuration on the  epiderm al side of the  derm al-epiderm al 
ju n c tio n .
b) a  dense  m ononuclear cell infiltrate w hich invades th e  papillary  
derm is causing  fibrosis an d  m ay be infiltrated  by p lasm a  cells an d  
eosinophils.
c) P au trie r m icroabscesses w hich are com posed of g roups of 
lym phocytes th a t  invade the  epiderm is.
M arker s tu d ies  revealed th a t m ost of the  cells in  MF are  
h e lp e r /in d u c e r  T-cells (CD5+, CD4+, CD8-) a lthough  som e
sup p resso r/cy to to x ic  T-cells (CD5+, CD8+, CD4-) can  be detected  
[Reinhold et a l,  1990; H oriuchi et a l,  1988; Koch et a l,  1987]. In 
co n trast, two stu d ies  described  the  m ajority  of the  lym phoid cells 
a s  being positive for CD8 [Reinhold et a l ,  1991; M aeda e t a l, 
1987], F indings of o ther w orkers are  reported  in  Table 6.3.
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The role of local release of cytokines in  m ycosis fungoides h a s  been  
investigated  [Lawlor et al., 1990]. High levels of biologically active 
CD5 were detected, together w ith significantly reduced  levels of 
cytokines, possibly cau sed  by the  release of preform ed com plexes. 
Biologically active CD1 w as also detected, together w ith  a  
reco m b in an t form of th e  cytokine w hich induces lym phocyte 
m ig ra tion  in  vitro. CD5 a n d  CD1 are  therefore im portan t in  the  
pa th o g en esis  of the  in tra lesiona l lym phocyte in fitra tes in  m ycosis 
fungoides [Lawlor et al., 1990]. The m ovem ent of T-cells in to  the  
ep iderm al com partm en t re su lts  from their activation  an d  en try  into 
th e  cell cycle. This in traep iderm al activation can  lead  to 
lym phokine release a n d  plays a n  im portan t role in  the  
pathophysiology of m ycosis fungoides [Nickoloff et al., 1990].
The sk in  lesions of MF c an  be controlled w ith  rad io therapy  th o u g h  
w ith  th e  risck  of irreversible bone m arrow  suppression .
Little su ccess  h a s  been  h a d  u sing  oral m ethoxsalen  to in d u ce  
p ho tosensitiza tion  followed by irrad ia tion  w ith  ultraviolet A light 
a n d  different protocols of chem otherapy  [Worobec-Victor, 1989; 
W ehrm ann  e t al., 1987; S igal-N ahum  et al., 1987].
7.1.2. Lymphoma in Animals.
Cattle. Lym phom a in  th is  species h a s  been  subdivided in to  4 
g ro u p s [Theilen & Madewell, 1987].
a) The juven ile  m ulticen tric  form  w hich  is ra re  (4%) an d  seem s to 
affect calves of dairy  b reeds m ore frequently  th a n  beef breed  calves.
b) The adolescen t or thym ic form  w hich is also relatively 
uncom m on  can  involve b o th  th e  cervical a n d  the  thoracic  thym us. 
B one m arrow  involvem ent is less com m on th a n  in  th e  juvenile  form  
b u t  it can  occur.
c) The a d u lt m ulticen tric  form  w hich can  be e ither sporad ic  or 
enzootic. D iaiy  cattle  a re  again  m ore likely to be affected th a n  beef 
cattle .
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Table 6.3. List of leukocyte m arkers found to sta in  positively in mycosis fungoides in 
m an.
ANTIBODY AUTHORS
CD2
CD3
CD4
CD5
CD8
CD 29
CD45RA
IL-1
IL-6
Ralfkiaer 1991; Sterry et al 1989
Ralfkiaer 1991; Reinhold et al 1990; Sterry et al 1989
Ralfkiaer 1991; ReinhnlH et nl 1990; Sterry pi a! 1989; Hnriurhi et al 1988; 
M aeda et al 1987
Ralfkiaer 1991; S teny  et al 1989; M aeda et al 1987 
Reinhold et al 1990; Horiuchi et al 1988; M aeda et al 1987 
Sterry et al 1989 
Sterry e ta l  1989 
Lawlor et al 1990
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d) The fou rth  type of lym phom a in  cattle, the  cu tan eo u s form, 
ap p ea rs  u su a lly  in  an im als aged 3 years or older, b u t it can  also be 
found  in  young calves a s  a  congenital disorder. The sk in  lesions are  
m ultip le  a n d  ten d  to u lcerate. The early lesions can  wax an d  w ane 
for a  n u m b er of m on ths. A non-epitheliotropic lym phom a h a s  been  
described  m anifesta ting  as nodu les all over the  body. Lym ph nodes 
an d  o th er o rgans can  also be affected [Valli, 1993].
Cat. Haem opoietic neop lasm s constitu te  abou t one th ird  to h a lf of 
all neop lasm s in  the  cat. Feline leukaem ia v irus (FeLV) is generally 
assoc ia ted  w ith m ost of these  neoplasm s [Muller et a t ,  1989; 
Theilen & Madewell, 1987], a lthough  ca ts  w ith  lym phom a are  
u su a lly  FeLV negative [Baker & Scott, 1989; M uller e t al., 1989]. 
Four form s of lym phom a have been described.
a) The a lim entary  form is the  com m onest an d  it affects kidneys, 
liver, spleen, in testin e  and  m esenteric  lym ph nodes.
b) The m ed iastina l form involves the  thym us a n d  the  m ed iastina l 
lym ph nodes. Thymic lym phom a is of T-cell origin while the  
a lim entary  is of B-lineage.
c) The m ulticen tric  form ap p ea rs  a s  a  generalized 
lym phadenopathy . Abdom inal organs can  be affected a s  well. This 
lym phom a can  be e ither of T- or B-cell origin.
d) The m iscellaneous form s ten d  to be less com m on. The cu tan eo u s 
form is classified w ith  the  m iscellaneous lym phom as a n d  ten d s  to 
be very ra re  in  the  c a t in  com parison  to o ther species. L eukaem ia 
is a  ra re  lym phom a w here the  bone m arrow  a n d  th e  blood are  
involved (lymphocytic or lym phoblastic leukaem ia) [Theilen & 
Madewell, 1987].
Horse. Three m ain  form s are  described  in  the  horse.
a) In h o rses the  m ulticen tric  form is th e  com m onest described  in
w hich the  superficial lym ph nodes are  enlarged.
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b) The alim entary  form is less frequently d iagnosed  th a n  the  
m ulticen tric ; the  m esen teric  lym ph nodes can  be en larged  in  
assoc ia tion  w ith the  in te s tin a l lesions [Theilen & Madewell, 1987].
c) The cu tan eo u s form accoun ts for less th a n  5%  of equine 
lym phom a [Valli, 1993]. C u taneous involvem ent can  be prim ary  
a n d  secondary  to o ther form s. Nodules can  be e ither derm al an d  
su b c u ta n e o u s  an d  ten d  to wax an d  w ane for a  period of tim e 
[Theilen & Madewell, 1987]. Lym phom a in  h o rses ten d s  to be 
pleom orphic consisting  of sm all lym phoid cells w ith  a  h igh  m itotic 
ra te , large m ononuclear histiocytes an d  a  re ticu la r fram ew ork of 
stro m al cells. Som etim es it is difficult to d istingu ish  lym phom a 
from  g ranu lom atous inflam m ation [Valli, 1993].
S h eep . Ovine lym phom a can  be sporadic or enzootic. It seem s, in 
m ost cases, to be re la ted  to the  C-type retrovirus. The com m onest 
localisa tions in  decreasing  order are  lym ph nodes, spleen, liver, 
k idneys, sm all in testine  an d  heart. Four different form s have been  
identified. The m ulticen tric  form can  be either of T- a n d  B-lineage. 
The alim entary form ten d s to be a  B -neoplasm . A c u tan eo u s form 
a n d  a  thym ic form have also been reported  [Theilen & Madewell,
1987].
G oat Lym phom a p resen ting  a s  generalized lym phadenopathy  h a s  
been  described  in  th is  species. A viral aetiology h a s  been  suggested  
[Theilen & Madewell, 1987].
Swine. The cause  of lym phom a in  sw ine is still unknow n. C-type 
re trov irus h a s  been  iso lated  from pig cells in  som e cases. Large 
w hite pigs in  Scotland  p re sen t m ultiple cases of lym phom a w hich 
ap p ea rs  to be congenital. These pigs develop a  m ulticen tric  or a  
m ed ias tina l form  [Theilen & Madewell, 1987].
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6.1.3. Dog.
L ym phosarcom a is probably  the  m ost com m on haem atopoietic 
neop lasm  affecting the  dog [Valli, 1993; Baele & Bolon, 1992; 
M acEwen, 1990; M uller e ta l ,  1989; G orm an & W hite, 1987].
In  th e  dog various form s of lym phom a have been  identified. The 
m ulticen tric  form is the  m ost com m only described. G eneralized 
lym phadenopa thy  is the  typical p resen ta tio n  w ith 
hepatospenom egaly , bone m arrow  an d  ex tra  nodal lesions being 
p re se n t in  a  few cases. In the  alim entary  form th e  clinical signs are  
non-specific  an d  the  in testine , m esenteric  lym ph nodes, liver and  
sp leen  c an  be involved. The m ed iastina l form p re sen ts  w ith 
en la rgem en t of the  m ed iastina l lym ph nodes a n d  p leu ra l effusion. 
The m iscellaneous form includes all ex tra  nodal m an ifesta tions an d  
of th e se  th e  cu tan eo u s form  occurs m ost frequently . L eukaem ia 
h a s  also been  described. It can  produce various clinical signs. 
C harac te ris tic  fea tu res a re  m ild peripheral lym phadenopathy , 
pa llo r of m uco u s m em branes a n d  hepatosplenom egaly . V arious 
types of leukaem ia  occur a n d  the  d iagnosis depends on 
haem atology. Chronic myeloid leukaem ia  is ch arac te rised  by 
n eu tro p h ilia  in  the  absence  of any  infections, while lym phocytosis 
occu rs in  chronic lym phocytic leukaem ia. P ancytopaenia  a n d  bone 
m arro w  changes su ch  a s  hypercellularity, m egaloblastoid  red  cell 
p re c u rso rs  a n d  high  n u m b ers  of m egakariocytes are  charac teristic  
of th e  preleukaem ic syndrom e prior to acu te  m yelom onocytic 
leu k aem ia  [Theilen & Madewell, 1987].
In  th e  dog the  cau se  of lym phom a is still unknow n. 
E xperim entally , lym phom a can  be tran sm itte d  to pup p ies  by 
in jecting  whole-cell p rep a ra tio n s of m alignan t cells; C-type v iruses 
have b een  found in  neoplastic  cells from dogs affected by 
lym phosarcom a an d  lym phosarcom a can  be in d u ced  in  pup p ies  by 
in jecting  FeLV [Muller et a l,  1989]. L ym phosarcom a ten d s  to occur 
in  m iddle-aged to old dogs [Morris et a l ,  1993; Baele & Bolon,
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1992; M acEwen, 1990]. C ases of lym phosarcom a have been 
d escribed  in  m any  breeds [Morris e t al., 1993; M uller et al., 1989; 
M acEwen, 1990]. A fam ilial incidence w as reported  in  th e  Bull 
M astiff [Morris et al., 1993; Muller et al., 1989].
M orris a n d  o thers [1993] an d  MacEwen [1990] no ted  th a t  the  
m ale-fem ale ratio  in  lym phom a w as 1.4:1 w ith fem ales having  a  
b e tte r  p rognosis th a n  m ales a lthough  there  w as no difference 
betw een th e  sexually  in ta c t an d  the  spayed fem ale in  te rm s of 
rem iss ion  an d  survival tim es. Som e dogs p re sen t w ith  
hypercalcaem ia  (polyuria an d  polydypsia) an d  
hypergam m agiobulinaem ia [Morris et a l,  1993; R osen thal & 
M acEwen, 1990; C arter e t al., 1987; G orm an & W hite, 1987]. Dogs 
w ith  hypercalcaem ia  have a  poorer prognosis th a n  dogs no t 
p resen tin g  w ith  hypercalcaem ia. The m edian  rem ission  an d  
survival tim es a re  sh o rte r th a n  expected a lthough  som e dogs m ay 
resp o n d  qu ite  well to chem otherapy  [Rosenberg e t al., 1991; 
M cEwen, 1990].
The W orld H ealth  O rganization (WHO) h a s  classified th e  clinical 
s tag es of can ine  lym phosarcom a into: STAGE I: involvem ent is 
lim ited to single node or lym phoid tissu e  in  a  single organ; STAGE 
II: reg ional involvem ent of m any  lym ph nodes, w ith  or w ithou t 
involvem ent of the  tonsils; STAGE El: generalized lym ph node 
involvem ent; STAGE IV: involvem ent of the  liver a n d /o r  spleen, 
w ith  or w ithou t generalized lym ph node involvem ent; STAGE V: 
involvem ent of blood, bone m arrow , a n d /o r  o ther o rgans [Morris et 
al., 1993; R osen thal & M acEwen, 1990; MacEwen, 1990; C arte r et 
al., 1987; G orm an & W hite, 1987].
A ttem pts have been  m ade  to categorise th e  histology of can ine  
lym phom a according to th e  h u m a n  criteria. The R appaport 
c lassification  [Rappaport, 1966] a n d  the  W orking F orm ulation  
C lassification [Greenlee et al., 1990, C arter et al., 1987] a re  based  
on th e  d istinc tion  of a  diffuse or follicular p a tte rn . C anine
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lym phom a is veiy rarely  follicular [Greenlee et a l, 1990] a lthough  
lym phom a m ay s ta r t  w ith follicular p a tte rn  a n d  th e n  develop a  
diffuse p a tte rn . This so rt of progression h a s  been  reported  in 
h u m a n s  [Greenlee et a l,  1990]. The Kiel [Lennert, 1967] and  
L ukes-C ollins classifications, on the  o ther h an d , a re  more 
concerned  w ith the  cytologic features of th e  cells a n d  therefore 
m ore easily applicable to canine lym phom a [Greenlee et a l, 1990]. 
Low-grade lym phom a is quite rare  in  the  dog [Greenlee et a l ,  1990; 
C arte r e t a l,  1987]. S uch  classifications a re  im p o rtan t because  
dogs w ith  h igh-grade tu m o u rs  seem  to resp o n d  b e tte r to 
chem otherapy  w ith  a  com plete response  a n d  a  longer rem ission 
tim e, an d  survival tim e is also longer [Greenlee et a l, 1990; 
McEwen, 1990].
G reenlee an d  o thers [1990] u sed  histology to divide canine 
lym phom a into: diffuse large-cell lym phom a, im m unoblastic
lym phom a a n d  sm all lymphocytic lym phom a. C anine lym phom as 
ten d  to be generalized (WHO stages m , IV a n d  V). M ost tu m o u rs 
are  positive for pan-T  cell m arkers. T-cell lym phom as have a  
sh o rte r  rem ission  tim e an d  survival tim e th a n  B-cell lym phom a 
a n d  they  also ten d  to p resen t w ith hypercalcem ia. In co n tra st 
C arter a n d  o thers [1987] s ta te  th a t the  cell type does n o t seem  to 
influence the  rem ission  tim e an d  the  survival tim e. Low and  
in term ediate-g rade  lym phom as do n o t respond  to chem otherapy  as 
well a s  h igh-grade lym phom a b u t the  survival tim e is n o t any 
sho rte r. The clinical signs are  also no t strictly  assoc ia ted  w ith  the 
cell type. The clinical stage a t p resen ta tio n  is a  very im portan t 
factor for the  survival tim e. Sex, breed, age, body w eight and  
clinical stage do n o t seem  to have any  correlation  w ith  the 
histologic type of the  lym phom a.
It seem s th a t  larger-breed  dogs do no t have su c h  a  good response  
to chem otherapy  a s  sm aller-breed  dogs [R osenthal 8s MacEwen, 
1990; M acEwen, 1990]. Morris an d  co-w orkers [1993] s ta te d  th a t it
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is n o t clear if the  clinical stage affects the  prognosis, b u t it seem s 
th a t  m ultip le organ involvem ent an d  system ic signs w orsen  the  
prognosis because  of poor rem ission, m ore risk s  of therapeu tic  
toxicity, organ failure an d  tu m o u r lysis syndrom e.
In co n trast, dogs w ith stage-I lym phom a have been  show n to have 
significantly longer survival tim e th a n  dogs w ith  the  o ther stages of 
lym phom a [Rosenthal & MacEwen, 1990]. McEwen [1990], in  one 
study , also reported  th a t the  clinical stage is a n  im portan t 
prognostic  factor. If the  d isease is localised, or there  is regional 
involvem ent (without spleen, bone m arrow  a n d  liver involvement) 
the  prognosis is be tter th a n  in  the  o ther cases. The site  of 
occurrence is also im portan t. C u taneous lym phom a, diffuse gastro ­
in te s tin a l lym phom a an d  prim ary lym phom a in  the  CNS have a  
very poor prognosis. T-cell lym phom a ten d s  to respond  poorly to 
chem otherapy  and  h a s  a  sho rte r rem ission  tim e an d  survival tim e 
th a n  B-cell lym phom a.
C u tan eo u s lym phom a in  the  dog can  be e ither p rim ary  or 
secondary  to o ther form s. Prim ary cu tan eo u s lym phom a p resen ts  
in  two form s: epitheliotropic or m ycosis fungoides according to 
h u m a n  term inology a n d  non-epitheliotropic lym phom a. The sk in  is 
th e  first an d  in  som e cases the  only organ affected [Gorman, 1991].
Non-epitheliotropic cutaneous lymphoma. This is a n  aggressive 
condition a n d  is charac terised  by a  very rap id  progression. It 
p re sen ts  a s  solitary  or m ultip le d iscrete nodu les of su d d en  onse t 
a n d  the  nodu les m ay u lcera te  [Valli, 1993; Baele & Bolon, 1992]. 
The progression  of the  d isease  is very rap id  [Baele & Bolon, 1992]. 
The lesions ten d  to be infiltrative a n d  often are  m ultip le a lthough  
the  in itia l lesions are  non-ulcerative m asses  th a t involve only the 
derm is. They have been  assu m ed  to have a  T-cell lineage [Gorm an 
& W hite, 1987].
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G ross a n d  o thers [1992] described the histologic fea tu res of non- 
epithelio tropic lym phom a w here there  is u sua lly  a  tu m o u r free 
“grenz” zone in  th e  upperm ost derm is. The cellu lar infiltrate  m ay 
rea ch  the  derm al-epiderm al ju n c tio n  b u t the  epiderm is is spared . 
These tu m o u rs  a re  generally high grade-m alignancies a n d  the 
m itotic ra te  is high. Large cell lym phom a is often described; the 
cells have a  large am oun t of am phophilic cytoplasm  a n d  a  
vesicu lar n u c leu s . The n uc leus can  be round-to-ovoid (noncleaved 
B-cells) or folded or irregu lar (cleaved B-cells or convoluted T-cells). 
Im m unoblastic  lym phom a is also described  frequently; the 
neop lastic  cells a re  very large w ith a  sm all am o u n t of cytoplasm  
a n d  large, ro u n d  vesicu lar nucleus. T- an d  B -im m unoblasts canno t 
be d istingu ished  by histology. Histiocytic lym phom a is very ra re  in 
the  dog. The cells resem ble epithelioid m acrophages b u t they  are 
a ssu m e d  to be T-cells. They have a b u n d a n t pale, eosinophilic 
cy toplasm  a n d  th e  n uc leus is large an d  highly pleom orphic w ith  an  
ovoid, reniform  or convoluted shape. Sm all lym phocytic a n d  sm all 
cleaved B-cell lym phom as are uncom m on in  the  dog. They consist 
of sm all cells w ith  sc an t an d  pale cytoplasm . Mitotic ra te  ten d s  to 
be m oderate . This type of neoplasm  is difficult to d istin g u ish  from 
inflam m atory  lym phocytic infiltrates in  the  sk in  or idiopathic 
lym phocytic derm atitis .
Ladiges a n d  co-w orkers [1988], u se d  fluorocytom etry and  
m icrolym phocytotoxicity (MLCT) assay  to dem onstra te  th a t som e T- 
cell an tigens w ere expressed on tu m o u r lym phoid cells, not 
necessarily  T-cells, w hich were in  gin im m atu re  or undifferen tiated  
stage.
An im m unohistochem ical s tudy  show ed th a t  27%  of m ulticentric  
lym phom as in  th e  dog were CD3+ an d  therefore of T-lineage. The 
cu ta n eo u s  non-epiderm otropic lym phom a h a d  a  h igh  percentage 
(57%) of CD3+ [Ferrer et al., 1993] a lthough  som e a u th o rs  consider 
th ese  lym phom as to be of B-cell lineage [Muller e t al., 1989].
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Predom inance of the  T-phenotype in  non-epitheliotropic lym phom a 
in  the  dog in  10 cases in  the  U.K. w as no ted  by Day [1995]. The 
neop lastic  cells were show n to be positive for CD3 and  negative for 
IgG in  8  dogs an d  therefore the  tu m o u rs  were classified a s  T- 
lym phom a.
Epitheliotropic lym phom a or m ycosis fungoides. This h a s  been  
described  a s  a  T-cell lym phom a by m any au th o rs  [Gross e t al., 
1992; F ivenson et al., 1992; B rain  & Howlett, 1991; Hewicker et al., 
1990; M uller et a l, 1989; G orm an & W hite, 1987] on the  
a ssu m p tio n  th a t  it is equivalent to the  sim ilar lesion in  m an . It 
ten d s  to occur in  older dogs [Moore et al., 1994; Baele & Bolon, 
1992; B ra in  & Howlett, 1991]. The Boxer, Cocker Spaniel, Poodle, 
L abrador Retriever an d  Scottish  Terrier seem  to be m ore likely to 
be affected [Brain & Howlett, 1991] an d  Airedales are  also sa id  to 
be p red isposed  [Baele & Bolon, 1992]. No breed predilection w as 
no ted  by Moore an d  o thers [1994].
The cu ta n eo u s  lesions of can ine  m ycosis fungoides a re  
e ry them atous, scaly nodu les or p laques [Baele & Bolon, 1992; 
B ra in  & Howlett, 1991; Hewicker et al., 1990; DeBoer et al., 1990; 
Doe e t al., 1988]. Fivenson a n d  o thers [1992] also repo rt 
in terd ig ita l e ry them a an d  p ru ritu s  a s  com m on findings. Regional 
lym ph nodes can  be involved [Brain & Howlett, 1991; Doe et al.,
1988].
Three s tages have been  identified using  the  h u m an  classification 
[Baker e t al., 1989; G orm an & W hite, 1987]. The lym phoid cells 
ten d  to su rro u n d  an d  infiltrate th e  h a ir  follicles a n d  the  sw eat 
g lands. The epitheliotropism  of neoplastic  lym phoid cells is still 
p re sen t a t the  tu m o u r stage in  the  dog while it is lost in  m an  
[Moore e t a l,  1994].
M ost of th e  T-lym phocytes have been  a ssu m ed  to be helper T-cells 
[G orm an & W hite, 1987]. More recently, im m unohistological 
s tu d ies  revealed th a t lym phocytes in  15 cases of m ycosis fungoides
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w ere CD3 positive a n d  therefore confirm ed their iden tity  a s  T-cells 
[Ferrer et a l ,  1993]. The infiltrating cells have been show n to s ta in  
positively for o ther T-cell m arkers  su c h  as THY-1 [DeBoer et a l,
1990]. D erm al dendrocytes (DD), p resen t in the  lesions are  THY-1+, 
MHC c lass E+, CD4+ an d  CD 18+ [Fivenson et a l, 1992]. Day [1995] 
describes only 3 cases of CD3+ epitheliotropic lym phom a in  h is 
se ries in  th e  U.K. w ith  the  rem aining  4 being negative for CD3 an d  
for a  p an e l of B-cell m arkers. Moore and  co-w orkers [1994] 
repo rted  epitheliotropic lym phom a as  consisten tly  expressing  CD3 
a n d  in  m o st cases CD8 . E xpression  of CD5 w as lost in  the  m ajority  
of cases (63%). E xpression of THY-1, in the  sam e study , w as 
red u ced  in  cells infiltrating the  epiderm is com pared w ith th e  cells 
in filtrating  the  derm is. Lack of expression of CD45RA suggested  
th a t  th e  cells were m em ory cells.
E lectron  m icroscopical exam ination of epitheliotropic lym phom a in  
dogs [Brain & Howlett, 1991] a n d  in ca ts  [Baker e t a l , 1989] 
reveals th e  p resence  of n u m ero u s L utzner or Sezary cells (diam eter 
8-20 pm). These are  lym phocytes characterised  by a  high nuc leus- 
to-cytoplasm  ratio , m arkedly  hyperconvoluted nuclei w hich give a  
c lassic  "cerebriform" appearance  w ith wide rim m ed peripheral 
ch rom atin , paucity  of organelles, occasional sm ooth  endoplasm ic 
re ticu lu m  a n d  periphera l cytoplasm ic villi or projections. B rain  
a n d  How lett [1991] reported  th a t  the  presence of Sezary cells, in  
th e  dog, is only suggestive b u t n o t diagnostic of m ycosis fungoides 
a n d  th a t  the  findings of these  cells is less frequent th a n  in  m an .
Secondary cutaneous lymphoma. Any form of lym phom a can  
p roduce  seconda iy  cu tan eo u s m an ifesta tions w hich can  s ta r t  a t 
any  stage  of the  lym phom a. The lesions are  generally m ultiple, 
in itially  n on -u lce ra ted  a n d  tend  to involve only the  derm is. The 
cells c an  have e ither T- or B -phenotype depending on  the  original 
lym phom a [Gorm an, 1991].
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The trea tm en t of lym phom as is based  on different protocols of 
chem otherapy  [Morris e t a l, 1993; Rosenberg e t a l,  1991; 
R osen thal & MacEwen, 1990; G orm an & W hite, 1987; C arter et a l, 
1987;]. Im m unotherapy  in  com bination w ith chem otherapy  seem s 
to prolong the  survival tim e. Therapeutic surgery  m ay be perform ed 
in  the  first two stages of the  lym phom a w hen m asse s  are  still 
localised [Rosenthal & MacEwen, 1990]. A utologous bone m arrow  
tran sp la n ta tio n  m ight give good resu lts  [Rosenthal & MacEwen, 
1990; McEwen, 1990]. Local trea tm en t (nitrogen m ustard ) h a s  
been  tried  to keep the  lesions of m ycosis fungoides u n d e r  control 
w ithou t su ccess  [Baele & Bolon, 1992; DeBoer et a l ,  1990; B aker et 
a l,  1989; Doe e ta l., 1988].
The aim  of th is  s tu d y  w as to estab lish  the  phenotype of the 
neop lastic  cells in can ine lym phom a and  to classify various 
lym phom as according to the  histological and  im m unohisto logical 
fea tu res  utilizing a  wide range of leukocyte antibodies.
6.2. Materials and Methods
Biopsies from 36 dogs, from  the Glasgow U niversity V eterinary 
School a n d  prac tices in  the  Glasgow area, d iagnosed  a s  having 
som e form  of lym phom a, were available for th is  s tudy . D iagnosis 
w as m ade on H&E sta in ed  slides. The dogs were of different breeds, 
18 m ales a n d  17 fem ales aged betw een 1 year a n d  18 years. Sex 
a n d  age were unknow n in  dog 24. F u rth e r de ta ils a n d  the 
diagnosis for each  dog are  listed  in  Table 6.4.
Only fixed sam ples were available from dogs 1 to 23. B oth  fresh 
tis su e  for c iyosta t sections an d  fixed tissu e  were available from 
dogs 24 to 36. D etails of sam ples are  listed in  Table 6 .4 . Sam ples 
from dogs 1 to 23 were sta in ed  only w ith CD3, CD5, CD79a, 
CD79b, MAC387 a n d  lysozyme of Panel 1 (p.75) b ecau se  only fixed 
tissu e  w as available.
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DOGS BREED AGE
(y*»)
SEX SAMPLES DIAGNOSIS
1 collie 13 M skin cutaneous lym phoma
2 collie 10 M skin cutaneous lym phoma
3 X-breed 18 M skin cutaneous lym phoma
4 collie 15 F skin cutaneous lym phom a
5 Yorkshire Terrier 7 M skin cutaneous lym phom a
6 X-breed 4 F skin cutaneous lym phoma
7 Yorkshire Terrier 14 M skin cutaneous lym phom a
8 cocker 8 FN skin cutaneous lym phom a
9 Retriever 12 FN skin cutaneous lym phom a
10 Labrador Retriever 8 F skin intraepithelial lym phoma
11 Retriever 1 F skin cutaneous lym phom a
12 Cocker Spaniel 7 F skin cutaneous lym phoma
13 Rough Collie 11 M skin intraepithelial lymphoma
14 terrier 11 F skin intraepithelial lym phoma
IS Cocker Spaniel 9 FN skin intraepithelial lymphoma
16 Cocker Spaniel 11 FN skin cutaneous lym phom a
17 Boxer 6 M skin cutaneous lym phoma
18 Labrador Retriever 9 F skin cutaneous lym phoma
19 setter 10 M skin cutaneous lym phoma
20 Retriever 11 M skin intraepithelial lym phoma
21 Beagle 13 M skin intraepithelial lymphoma
22 terrier 11 FN skin cutaneous lym phoma
23 Border Collie 12 M skin cutaneous lym phoma
24 Retriever popliteal LN m ulticentric lym phom a
25 Boxer 3 M skin, axillary LN, 
m esenteric LN,
m ulticentric lym phoma
26 X-breed 7 F skin, popliteal 
LN, thym us, 
bone marrow, 
spleen
lymphoid leukaem ia
27 C airn Terrier 7 F popliteal LN m ulticentric lym phoma
28 Doberm ann 11 FN popliteal LN m ulticentric lym phom a
29 Retriever 11 M skin intraepithelial lymphoma
30 X-collie 11 F popliteal LN, 
skin
m ulticentric lym phom a
31 Retriever M popliteal LN m ulticentric lym phoma
32 Bull Mastiff 3 M popliteal LN m ulticentric lym phoma
33 Yorkshire Terrier 3 F popliteal LN m ulticentric lym phoma
34 Labrador 15 M popliteal LN, 
skin
intraepithelial lymphoma
35 Beagle 13 M skin intraepithelial lymphoma
36 Bull Terrier 8 F spleen, axillary 
LN, m esenteric 
LN
m ulticentric lym phom a
Table 6.4. Details of 36 dogs affected by lymphoma.
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Sam ples from th e  o th er dogs were tested  w ith  all the  m arkers of 
Panel 1 a s  c ry o sta t tissu e  w as also provided. H aem atoxylin and  
eosin  sta in ing  w as perform ed on each  sam ple. S tain ing  techn iques 
a n d  reag en ts  a re  fully listed  in  C hapter 2.
6.3. Results
H aem atoxylin  a n d  eosin  s ta ined  sections of lym ph node from dogs 
24-28, 30-34  a n d  36 show ed a  diffuse p a tte rn  of infiltration. 
N orm al cells w ere rep laced  by m onom orphic shee ts  of large 
lym phoblasts. The lym phoblasts h a d  sm all am o u n ts  of basophilic 
cy toplasm  a n d  cen tra lly  located nuclei w ith solitary  or m ultiple 
nucleoli. The m itotic  ra te  w as high. All lym phom as were therefore 
classified a s  lym phoblastic  lym phom as. H aem atoxylin a n d  eosin 
sta in ing  w as also perform ed on the  splenic sam ples from dogs 26, 
33 an d  36 show ing th a t  in  2 dogs (33 an d  36) the  infiltrating cells 
were localised in  th e  splenic w hite pulp  th a t w as greatly enlarged 
while in  dog 26 th e  lym phoid cells m ainly infiltrated  the  red  pu lp  
resu lting  in  loss of the  norm al arch itecture . Thym us an d  bone 
m arrow  from dog 26 were sta ined  with H&E. In th e  thym us, bo th  
cortex a n d  m edu lla  w ere infiltrated  by lym phoid cells an d  the  bone 
m arrow  revealed hypercellu larity  w ith dom inance of one cell type.
In  dogs 1 to 23 th e  d iagnosis w as cu tan eo u s lym phom a. Only fixed 
sk in  w as available for th ese  23 dogs. The epiderm is w as infiltrated  
in  only six dogs (dog 10, 13, 14, 15, 20 an d  21) while in  all the  
o ther dogs the  in filtrate  w as located in the  u p perm ost derm is an d  
the  ep iderm is w as spared . W hen the  epiderm is w as spared , an d  
th e  derm is w as infiltrated , the  lesion w as called cu tan eo u s 
lym phom a. W hen th e  epiderm is w as infiltrated  by the  neoplastic 
cells the  lesion w as classified a s  in traep ithelial lym phom a. In the  
m ajority  of the  dogs, w ith  the  exceptions of dog 3, 6 , 12 a n d  13, 
v irtually  1 0 0 %  of th e  neoplastic  cells infiltrating the  sk in  w as 
positive for CD3 a n d  negative for the  o ther m ark e rs  (Figures 6 .1a. 
a n d  6.1b.). CD5 s ta in e d  a  few scattered  cells in  m ost of the  dogs
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b u t it w as negative in  dogs 10, 13, 14, 15, 20 an d  21 w hich were 
classified  a s  in traep ithelia l lym phom as. In dogs 3, 12 a n d  13 the  
m ajority  of the  cells w as positive for CD3 b u t a  few sca tte red  cells 
were positive for CD79a a n d  CD5. The o ther m arkers were 
negative. In dog 6  100%  of the  cells w as positive for CD79a a n d  50- 
75%  of th e  cells sta ined  w ith CD79b while the  o ther m ark e rs  were 
negative (See Table 6.5.).
In th e  lym ph node biopsies from five dogs (24, 27, 28, 31 a n d  32) 
the  sections were highly positive for CD3, CD5, CD45RA, C D 45pan 
a n d  CD4 a n d  MCH-II. Only a  few cells were positive for THY-1 an d  
CD8 . MAC387 an d  lysozyme were negative. B-cell m arkers were 
also negative a p a r t from a  few sca tte red  cells positive for C D 79a in  
dog 24 (See Table 6 .6 .).
In 2 dogs (29 a n d  35) only fresh  a n d  fixed sk in  biopsies were 
available. S ta in ing  revealed th a t the  m ajority of the  infiltrating cells 
were positive for T-cell, p a n  leukocyte m arkers and  MHC-II an d  
negative for B-cell m arkers, MAC 387 and  lysozyme. Only a  few 
cells w ere positive for THY-1, CD4, CD45RA an d  CD5. B oth dogs 
were d iagnosed a s  cases of in traep ithelia l lym phom a (See Table
6.7.).
In 3 dogs (25, 30 an d  34) lym ph node a n d  sk in  sam ples (both fresh  
a n d  fixed) were available. In dogs 30 a n d  34, the  lym ph nodes were 
highly positive for T-cell, p a n  leukocyte m arkers a n d  MHC-II; while 
MAC387, lysozyme a n d  the  two B-cell m arkers  were negative w ith 
the  exception of only a  few sca tte red  cells positive for CD 79a in  dog 
30. Infiltrating cells in  the  sk in  were also highly positive for CD3, 
C D 45pan an d  MHC- n. MAC387, lysozyme a n d  the  B-cell m ark e rs  
were negative a p a rt from a  few sca tte red  cells positive for C D 79a in 
dog 34. Only a  few cells were positive for THY-1, CD45RA a n d  CDS 
in  bo th  lym ph node a n d  cu tan eo u s sam ples from bo th  dogs. 
Lym ph node a n d  cu tan eo u s sam ples of dog 30 were positive for 
CD4 while the  sam ples from dog 34 sta in ed  w ith  CD8 . Lym ph node
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a n d  cu ta n eo u s  sam ples from dog 25 were highly positive for B-cell, 
p a n  leukocyte m arkers  a n d  MHC-II and  only a  few sca tte red  cells 
s ta in e d  for CD3, CD4 a n d  THY-1. MAC387, lysozyme a n d  CD8  
w ere negative. Histologic exam ination  show ed epithelial 
involvem ent in  dog 34, while in  dogs 25 and  30 the  infiltrate  w as 
p re se n t only in  the  derm is a n d  the  epiderm is w as spared  (See Table
6 .6 . for lym ph node an d  Table 6.7. for skin).
Sp leen  a n d  lym ph node sam ples from 2 dogs (33 a n d  36) were 
highly positive for B-cell, p a n  leukocyte m arkers and  MHC-II. CD8  
w as negative in  bo th  dogs, while CD3, THY-1 a n d  CD4 were 
negative in  th e  lym ph node of dog 33 and  sta ined  few scattered  
cells in  lym ph node of dog 36. In the  spleen of dog 36 THY-1 was 
negative while few sca tte red  cells sta ined  positively for CD4 and  
CD3 (See Table 6 .6 . for lym ph node a n d  Table 6 .8 . for spleen). 
Several sam ples were available from  dog 26. Lymph node, spleen, 
thym us, sk in  a n d  bone m arrow  were highly positive for B-cell, pan  
leukocyte m ark e rs  a n d  MHC-II. CD3 sta ined  few sca tte red  cells in 
lym ph node, sk in  an d  sp leen  an d  w as negative in  thym us a n d  bone 
m arrow . THY-1 w as alw ays negative a p a rt from a  few scattered  
positive cells in  lym ph node a n d  thym us. CD4 an d  CD8  s ta in ed  few 
sca tte red  cells in  the  sk in  a n d  were negative in  the  o ther sam ples 
(See Table 6 .6 ., Figure 6 .2a. a n d  Figure 6.2b. for lym ph node, Table
6 .7 . for sk in , Table 6 .8 . for spleen, Table 6.9. for thym us a n d  Table 
6 . 1 0 . for bone m arrow).
6.4. Discussion
L ym phom a is th e  m ost com m on haem opoietic neoplasm  in  th e  dog 
a n d  th e  ca t [Valli, 1993; M uller et al., 1989] an d  in  o ther species 
[Valli, 1993; Theilen 8 s Madewell, 1987] including h u m an s  
[M cFadden et al., 1991; Hong et al., 1991; Siu e t a l, 1990; 
K audew itz et al., 1989].
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Dogs CD3 CD5 CD79a CD79b
1 +++++ +
2 +++++ + - -
3 +++++ + - -
4 +++++ + - -
5 +++++ + - -
6 - - +++++ ++++
7 +++++ + - -
8 +++++ + - -
9 +++++ + - -
10 +++++ - - -
11 +++++ + - -
12 +++++ + + -
13 +++++ - + -
14 +++++ - - -
15 +++++ - - -
16 +++++ + + -
17 +++++ + - -
18 +++++ + - -
20 +++++ - - -
21 +++++ - - -
22 +++++ + - -
23 +++++ + - -
Table 6.5. Staining p a tte rn s  of CD3, CD5, CD79a and  CD79b of Panel 1 on 
paraffin sections of the sk in  from 23 dogs affected by lymphoma.
0
+: 10%
++: 25%
+++: 50%
++++: 75%
+++++: 100%
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Figure 6.1. Im m unosta in ing  of cu tan eo u s T-cell lym phom a in 10 
year old collie w ith (a) CD3 and  (b) CD79a. Note th a t all infiltrating 
lym phoid cells a re  CD3+ [APPAP m ethod, x 312.5)].
1 8 2
Dogs CD3 THY-1 CD4 CD 8a CD 79a CD 79b CD5 CD45pan CD45RA MHC-II
24 +++++ ++ ++++ + + - +++ +++++ +++ +++++
25 + +
+
+ _ +++++ ++++ ++++ +++++ ++ +++++
26 + + - - +++++ +++++ +++ +++++ +++++ ++++
27 +++++ ++ ++++
■
+ - - +++ +++++ +++ +++++
28 +++++ +
T
+ + + + + _ _ ++++ +++++ ++++ +++++
30 +++++ ++ + + + + + + - + +++++ + ++++
31 +++++ ++ + + + +
1
+ - - ++++ +++++ ++++ +++++
32 +++++ ++ + + + + + _ _ ++++ +++++ ++++ ++++
33 - - - - +++++ +++++ +++ ++++ + ++++
34 +++++ ++ + ++++ - - + ++++ +++++ ++++
36 + + + - +++++ ++++ +++++ ++++ + +++++
Table 6.6. Staining p a tte rn s  of leukocyte m arkers of Panel 1 on ciyostat and  paraffin  sections of 
lym ph nodes from 9 dogs affected by lym phom a and  1 dog affected by leukaem ia.
0
+: 10%
++: 25%
+++: 50%
++++: 75%
+++++: 100%
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Dogs CD3 THY-1 CD4 CD 8a CD 79a CD 79b CD5 CD45pan CD45RA MHC-n
25 + + + +++++ ++++ +++ ++++ ++ ++++
26 + - + + ++++ ++++ ++ ++++ +++ +++
29 +++++ ++ + ++++ - - - +++++ + ++++
30 ++++ + ++++ + - - + ++++ + ++++
34 +++++ ++ + ++++ + - - ++++ ++ +++
35 +++++ + + +++ - - - +++++ + +++
Table 6.7. Staining pa tte rn s  of leukocyte m arkers of Panel 1 on ciyostat and  paraffin 
sections of sk in  from 5 dogs affected by lymphoma and  1 dog affected by leukaem ia.
Dogs CD3 THY-1 CD4 CD 8 a CD 79a CD 79b CD5 CD45pan CD45RA MHC-n
26 + ++++ ++++ ++++ +++++ +++++ ++++
33 + + + +++++ +++++ ++++ +++++ ++++ +++++
36 + + +++++ ++++ ++++ +++++ ++++ ++++
Table 6.8. Staining pa tte rn s  of leukocyte m arkers of Panel 1 on paraffin sections of 
spleen from 2 dogs affected by lym phom a and 1 dog affected by leukaem ia.
Dogs CD3 THY-1 CD4 CD 8a CD79a CD 79b CD5 CD45pan CD45RA MHC-n
2 6 + ++++ ++++ + +++ ++ ++++
Table 6.9 . Staining p a tte rn s  of leukocyte m arkers of Panel 1 on c iyostat and  p a raffin 
sections of thym us from dog 26 affected by leukaem ia.
Dogs CD3 THY-1 CD4 CD8a CD79a CD79b CD5 CD45pan CD45RA MHC-n
2 6 ++++ ++++ + +++ ++++ +++
Table 6.10. Staining p a tte rn s  of leukocyte m arkers of Panel 1 on ciyostat and 
paraffin sections of bone marrow from dog 26 affected by leukaem ia.
- 0 + 10% ++ 25% +++ 50% ++++ 75% +++++ 100%
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F igure 6 .2 a . Im m unostain ing  with CD79a of lym ph node of 7 year 
old cross-bred  dog (dog 26) affected by leukaem ia. Note th a t the 
m ajority of the lym phoid cells are positive for CD79a [APPAP 
m ethod, x 312.5)].
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Figure 6 .2 b . Im m unostain ing  with CD4 of lym phoid cells 
infiltrating the derm is of dog 26. Note th a t only a few scattered  
cells are  CD4+ [APPAP m ethod, x 312.5)].
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C anine lym phom as are generally classified using  schem es for the  
c lassification  of h u m a n  lym phom a. In the  dog, because  the  
follicular p a tte rn  is a  ra re  finding the  criteria  of R appaport 
[Rappaport, 1966] an d  the  W orking Form ulation  C lassification 
[Greenlee et a l, 1990; C arter et al., 1987] sire n o t applicable. In th is  
s tu d y  lym phom as were classified u sing  the  u p d a te d  Kiel 
c lassification  [Lennert & Feller, 1990] b ased  on  cellu lar 
m orphology. This sam e classification h a s  also been  u sed  in  the  cat 
[C allanan, 1994].
C u tan eo u s lym phom a can  be either a  p rim ary  d isease  or secondary  
to o th er form s of lym phom a [Valli, 1993; G orm an & W hite, 1987]. 
The prim ary  non-epitheliotropic lym phom a h a s  been  described  a s  
so litary  or m ultip le nodu les w ith an  acu te  onset a n d  a  rap id  
progression . The infiltrating cells do n o t ten d  to extend into the  
epiderm is or su b jacen t connective tissu e  (grenz zone) [Valli, 1993; 
Baele & Bolon, 1992; G orm an & W hite, 1987]. Som e au th o rs  
a ssu m e d  th is  type of tu m o u r w as of B-lineage [Muller e t a l,  1989]. 
Im m unohistochem ical s tu d ies  show ed th a t  in  m ost cases  they are 
of T-cell origin [Day, 1995; Ferrer et al., 1993]. Prim ary 
epitheliotropic lym phom a or m ycosis fungoides h a s  been  described  
in  th e  dog an d  lesions were classified according to th e  3 stages 
u se d  for h u m a n s  [Moore et al., 1994; F ivenson et al., 1992; Baele 
& Bolon, 1992; G ross et al., 1992; B ra in  8 s Howlett, 1991; Hewicker 
et a l,  1990; M uller et a l,  1989; G orm an 8 s W hite, 1987]. A lthough 
th e  epithelio tropism  of th e  infiltra tin g  lym phoid cells is re ta ined  a t 
th e  tu m o u r stage in  the  dog it is lost in  m an  [Moore et a l ,  1994]. 
M ost im m unohistologic s tu d ies  on  the  dog have show n th a t the  
cells were consisten tly  positive for CD3 a n d  T-cell m ark e rs  [Moore 
et a l ,  1994; F errer et al., 1993; DeBoer et al., 1990]. In  one s tudy  
only 3 cases o u t of 7 of epitheliotropic lym phom a were positive for 
CD3 [Day, 1995]. CD5 an tigen  is lost in  the  dog a s  well a s  in  
h u m an . The p redom inan t im m unophenotype in  the  dog is CD8 +
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while CD4 p redom inates in  m an  [Moore et al., 1994]. E xpression of 
THY-1 by cells infiltrating the  epiderm is is lower th a n  in th e  cells 
infiltra tin g  the  derm is. Lack of expression  of CD45RA w ould 
suggest th a t  the  cells are m em ory cells [Moore et al., 1994; 
F ivenson et al., 1992].
In th is  s tu d y  sam ples from 36 dogs, from th e  Glasgow U niversity 
V eterinary  School an d  practices in  the  G lasgow area, were available 
for im m unohisto logical stain ing. The dogs were of different b reeds, 
sexes a n d  aged betw een 1  year an d  18 years w ith the  m ajority  of 
th e  dogs being betw een 7 an d  15 year old.
Skin  sam ples only were available from 25 dogs. Nine of the  
cu ta n eo u s  lym phom as were classified a s  in traep ithelia l 
lym phom as, all the  o thers were cu tan eo u s (dermal) lym phom a. The 
lesions in  tw enty four were highly positive for CD3 w ith only a  few 
sca tte red  cells positive for CD5 and  none for B-cell m arkers. The 
tu m o u r in  only one dog (dog 6 ) w as strongly  positive for the  B-cell 
m ark e rs  a n d  negative for T-cell m arkers. This dog (dog 6 ) w as the  
only one of th e  17 cu tan eo u s non-epitheliotropic lym phom as finally 
d iagnosed  a s  having cu tan eo u s B-cell lym phom a, all the  o th er 16 
dogs were affected by cu tan eo u s T-cell lym phom as. As reported  by 
som e a u th o rs  the  m ajority of the  epitheliotropic lym phom as are  of 
T-cell origin [Day, 1995; Ferrer et al., 1993]. These lym phom as 
w ere CD3+ as described  by Ferrer a n d  co-w orkers [1993] an d  
Moore a n d  co-w orkers [1994]. Day [1995], on the  o ther h an d , 
repo rted  only 3 cases of in traep ithelial lym phom a positive for CD3, 
while th e  o ther 4 cases were negative for CD3 an d  negative for a  
pan e l of B-cell m arkers.
Loss of CD5 an tigen  w as no ted  in  all sam ples exam ined in  th is  
s tudy . C ryostat sections a s  well a s  p a raffin sections were available 
for 2 dogs (29 a n d  35), classified a s  in traep ithe lia l lym phom a, an d  
these  show ed loss of CD45RA an tigen  a n d  a  decrease in  the  
n u m b er of THY-1+ cells in  the  epiderm is. Sam ples from b o th  dogs
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w ere positive for CD8  antigen. Moore an d  o thers [1994] repo rted  
sim ilar re su lts  in  the ir s tu d y  of 23 dogs.
The d iagnosis in  dogs 24, 27, 28, 31 an d  32 w as m ulticen tric  
lym phosarcom a; only a  lym ph node biopsy w as tak en  from  each  
dog. All lym phom as exam ined in  th is  s tu d y  h a d  a  diffuse p a tte rn . 
As described  by Greenlee a n d  o thers [1990] th e  follicular p a tte rn  is 
a  ra re  finding in  th e  dog. By histologic exam ination, w ith  H&E 
sta in ing , the  lym ph nodes show ed a  diffuse p a tte rn  an d  th e  cells 
h a d  lym phoblastic fea tu res. They were all classified a s  
lym phoblastic  lym phom as. All sam ples were highly positive for pain 
leukocyte m arkers, MHC-n and  the  T-cell m ark e rs  w ith  the  
exception of CD8  a n d  THY-1.
L ym phom as in th ree  dogs (25, 30 a n d  34) were classified on lym ph 
node histology a s  lym phocytic lym phom as w ith  a  diffuse p a tte rn . 
The cu tan eo u s involvem ent w as considered  to be a  m anifesta tion  of 
m ulticen tric  lym phosarcom a in  dog 25 aind 30; while in  dog 34 
w ith  the  epiderm is infiltrated  by neoplastic  cells (in traepithelial 
lym phom a), the  lym ph node involvem ent w as considered  to be 
secondary  to the  sk in  lesions. Dogs 30 an d  34 were bo th  positive 
for CD3, in  addition, dog 30 sta in ed  for CD4 while dog 34 s ta in ed  
for CD8 . In  con trast, dog 25 w as highly positive for B-cell m ark e rs  
in  bo th  th e  lym ph node a n d  skin sam ples. As reported  in  the  
lite ra tu re , cu tan eo u s lym phom as can  be of e ither B-lineage [Muller 
et al., 1989] or T-lineage [Day, 1995]. In traep ithelia l lym phom a, in  
dog 34, w as positive for CD8  a s  expected from the  can ine  lite ra tu re  
[Moore e t al., 1994].
In dogs 33 an d  36, the  p a tte rn  in  the  lym ph node w as again  
indicative of diffuse lym phom a. Sam ples from bo th  lym ph node 
a n d  sp leen  were heavily s ta in ed  by B-cell a n d  p a n  leukocyte 
m ark e rs  a n d  therefore a  diagnosis of m ulticen tric  lym phom a of B- 
cell origin w as m ade.
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In dog 26, a  variety  of sam ples w as available. All sam ples sta ined  
consisten tly  for B-cell an d  p an  leukocyte m arkers. The diagnosis of 
leukaem ia  w as m ade based  on the  histological (bone m arrow  
infiltration) an d  im m unohistological fea tu res of the  lesions.
These findings confirm  th a t the  m ajority of cu tan eo u s lym phom as 
in  th e  dog are  of T-cell origin. In the  sk in  non-epithelio tropic 
lym phom as are  rarely  of B-cell origin, while epitheliotropic 
lym phom as ten d  to be of su p p resso r T-cell origin. M ulticentric 
lym phom as can  be of e ither T- or B-lineage an d  the  p a tte rn  in  the  
lym ph node ten d s  to be diffuse. The im portance of a n  accu ra te  
histo logical classification an d  a  com plete im m unophenotyping  of 
the  tu m o u r cells have been  widely recognized in  the  dog a s  well a s  
in  m an . It w ould be hoped th a t th is  m ight th en  have therapeu tic  
im plications for m ore accu ra te  d iagnosis an d  prognosis in  order to 
allow  th e  clin icians to decide the  m ost appropria te  trea tm en t, if 
any, for each  pa tien t. F u rth e r s tu d ies  m ight benefit from the  
app lica tion  of a n  even g reater n u m b er of leukocyte an tibodies on 
tis su e  in  con junction  w ith flow cytom etric analysis from each 
p a tien t.
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SECTIO N IV  
CHRONIC CUTANEOUS INFLAMMATION
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CHAPTER 7. SUPERFICIAL PYODERMA
7.1. Introduction
Pyoderm a is a  com m on disorder in  the  dog. The n am e pyoderm a 
im plies th e  presence of p u s  in  the  lesions a lthough  p u s  m ay  no t be 
grossly  visible in the cu tan eo u s lesions of m ost dogs [Hill 85  
Moriello, 1994].
There a re  two m ain  types of pyoderm a, superficial a n d  deep. In 
superfic ial pyoderm a there  is form ation of p u s tu le s  or nodu les 
w ith o u t severe follicular destruction , while in  deep pyoderm a the  
p u s tu la r  inflam m ation of the  h a ir  follicle is p rom inen t a n d  leads to 
follicular ru p tu re . G ranu lom atous infiltrate is p re sen t a s  a  foreign 
body resp o n se  to released  h a ir  an d  kera tin  [Gross e t al., 1992]. 
V arious factors can  be associated  w ith  pyoderm a. Staphylococcus 
in term edius  is considered to be a  prim ary  pathogen  a lth o u g h  it can  
be found  on the  skin of healthy  dogs Staphylococcus interm edius 
p roduces Protein A w hich activates the  com plem ent cascade 
generating  a  chem otactic s tim u lu s  for neu troph ils  [Hill 8 s Moriello, 
1994; M ason e t al., 1989]. This p rocess explains som e of the  
clinical signs of pyoderm a su c h  as erythem a, p ru r i tu s  and  
p u s tu le s . O ther m icroorganism s i.e. Escherichia coli, Proteus 
mirahilus an d  Pseudom onas sp . can  often be iso lated  in  deeper 
infections [Scott et al., 1995; Hill & Moriello, 1994; G ross et al., 
1992]. One s tu d y  show ed th a t m ore th a n  one s tra in  of 
Staphylococcus interm edius can  be isolated from th e  sam e dog 
affected by pyoderm a [Wegener 8 5  Pedersen, 1992].
Pyoderm a m ay be secondary  to a  variety of p red isposing  cau ses 
su c h  a s  allergic sk in  d iseases, ectoparasites, kera tin ization  defects, 
endocrine disorders, im m unodeficiency, anatom ic a n d  physiologic 
factors a n d  environm ental factors.
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A m ongst the  allergic sk in  d iseases atopy is the  m ost com m on 
cau se  of recu rren t pyoderm a followed by food allergy [Hills & 
Moriello, 1994].
C u tan eo u s hypersensitiv ity  cau ses changes in  the  m icroclim ate of 
th e  sk in  surface w hich m ight stim u la te  the  m ultip lication  of 
staphylococci w ith in  th e  s tra tu m  com eum  of the  sk in . The 
hypersensitiv ity  reactions prom ote degranu lation  of the  m a s t cells 
a n d  release  of inflam m atory m ediators changing the  epiderm al 
perm eability  an d  allowing staphylococci to p en e tra te  in  the  sk in  
[Hill & Moriello, 1994].
Som e a u th o rs  consider ec toparasites an d  dem odicosis in  p a rticu la r 
th e  m ost com m on cau se  of pyoderm a [Muller et a l, 1989]. The 
m ites localizing in  the  follicles predispose the  sk in  to secondary  
bacteria l folliculitis an d  fu runcu losis  [Hill & Moriello, 1994; Day, 
1994; G ross et a l,  1992].
Seborrhoeic sk in  also c rea tes a n  ideal env ironm ent for the  
proliferation of Staphylococcus interm edius [Hill & Moriello, 1994] 
an d  endocrine d iso rders su c h  a s  hyp o th y r o d ism  and  
hyperadrenocortic ism  induce  changes in  the  skin su c h  a s  
telogenization of h a ir  follicles, follicular hyperkera to sis  and  
sebaceous gland a trophy  w hich m ay pred ispose th e  an im als to 
secondary  pyoderm a [Hill & Moriello, 1994; G ross et a l ,  1992; 
M uller e t a l, 1989]. In addition, horm onal abnorm alities su c h  as  
low thyroxine titre  can  depress neu troph il a n d  T-lym phocyte 
resp o n ses  [Hill & Moriello, 1994] an d  pyoderm a h a s  been  described  
a s  one of the  m ost com m on findings in  dogs affected by 
hypothyroid ism  [Paciera, 1994].
Any im m unodeficiency can  be a  cause  of pyoderm a an d  
ad m in istra tion  of glucocorticoids an d  various in te rn a l d iseases are 
know n to p redispose to pyoderm a [Hill & Moriello, 1994; G ross et 
a l,  1992; M uller et a l,  1989].
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Im petigo is a  form of superficial pyoderm a typical of young  dogs. It 
u su a lly  occu rs before or a t  the  tim e of puberty  a n d  is cau sed  by 
Sthaphylococcus interm edius, w ith  Pseudom onas  sp . an d  
Escherichia coli being p resen t in  som e cases. The pred isposing  
c a u se s  of impetigo are  s im ilar to those of the  o ther types of canine 
pyoderm a. Clinically impetigo p resen ts  w ith in terfollicular 
superfic ia l p u s tu le s  i.e. th a t  do n o t involve the  h a ir  follicles an d  
te n d  to develop in  the  g labrous a reas . The p u s tu le s  a re  n o t pa in fu l 
a n d  sire veiy  fragile. P ru ritu s  is very uncom m on. A form  of bu llous 
im petigo, w ith  flaccid an d  large p u stu les , can  be occasionally  seen  
in  a d u lt dogs. The epiderm is in  bu llous impetigo ten d s  to peel off in  
large sh e e ts  [Scott et al., 1995; G ross e t al., 1992]. No b reed  or sex 
p red ilection  h a s  been  no ted  [Gross e t al., 1992].
S uperficial p u s tu la r  derm atitis  m ay com plicate any  chronic 
d e rm a titis  a s  a  re su lt of secondaiy  infection. This 
“im petigin ization” is well recognized in  bo th  m an  a n d  th e  dog 
[Yager & Wilcock, 1994; A ckerm an, 1978] a n d  is com m on 
especially  in  a  p ru ritic  d e rm atitis  su c h  a s  atopic sk in  d iseases 
w here  lesions a re  fu rth e r com plicated by in tense  scra tch ing . 
Superficial sp read ing  pyoderm a is also sa id  to be a  com m on can ine 
staphylococcal sk in  d isease. Lesions ten d  to ap p ea r in  th e  g labrous 
sk in  of th e  abdom en b u t they  can  also becom e generalized on the  
tru n k . In  h a ired  a reas  th e  alopecia m ay occur w ith in  th e  confines 
of th e  e iy th em ato u s m acules. P ru ritu s  can  be p re se n t in  variable 
degrees. Age, breed  an d  sex predilection have n o t b een  described. 
The charac te ristic  p resen ta tio n  of superficial sp read ing  pyoderm a 
is e ry th em ato u s m acu les sp read ing  from  p u stu les . The superficial 
layers of k e ra tin  in  these  lesions ten d  to lift a n d  peel peripherally  
form ing a  collarette a t the  m arg ins of th e  expanding  m acu les 
[Gross e t al., 1992].
O ther cases  of superficial pyoderm a p resen t w ith  follicular 
p u s tu le s  of variable size [Gross et al., 1992]. These p u s tu le s  w ith
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a  h a ir  sh a ft p ro tud ing  from the  cen tre  have been  described  a s  
typical fea tu res  of superficial folliculitis [Scott et al., 1995]. They 
are  very fragile a n d  ru p tu re  easily leading to the  form ation of 
c ru s ts . V arious g rades of erythem a, swelling an d  alopecia can  
occur.
Relatively large, firm  papu les, p u s tu le s  or nodu les can  also be seen  
in  superfic ia l pyoderm a. In the  case  of very severe inflam m ation  
th e  superfic ial layer of k e ra tin  m ay lift an d  peel on th e  m arg in  of 
th e  p ap u le  a n d  form a  periphera l collarette. P atches of 
hyperp igm ented  sk in  m ay re su lt after inflam m ation w here the  
lesions w ere m ore severe. Superficial folliculitis ten d s to develop in  
th e  in g u in a l a n d  axillary regions, in  the  dorsa l a n d  ven tra l digital 
w ebs, b u t  c an  becom e also generalized [Gross et al., 1992]. 
Regional lym phadenopathy  is often p resen t. No breed, sex a n d  age 
pred ilec tions have been  reported.
Deep pyoderm a generally derives from a  superficial infection or 
folliculitis. The infection can  extend deeper into the  follicles a n d  
b reak  th ro u g h  th e  follicle walls causing  fu runcu lo sis  or infection of 
th e  derm is a n d  su b cu tis . L ater the  infection can  affect th e  surface 
of th e  sk in  form ing m ultip le fis tu las or it can  invade th e  
su b c u ta n e o u s  tissu e  a n d  p an n icu lu s  giving cellulitis a n d  
pan n icu litis  [Day, 1994; M uller e ta l., 1989].
Deep pyoderm a re su lts  in  various p resen ta tio n s a n d  can  affect 
va rious b reeds, a lthough  G erm an S hepherd  Dogs seem  to be 
particu la rly  p red isposed . The pred isposition  of G erm an S h ep h erd  
Dogs to deep pyoderm a seem s to be due to a  defect in  th e ir 
im m une system . G erm an S hepherd  Dogs are  p red isposed  to o ther 
d iseases su c h  a s  d issem inated  aspergillosis [Hill & Moriello, 1994; 
Miller, 1991; D ay & Penhale, 1991; Day & Penhale, 1988] a n d  
en te ro p a th y  w ith  bacteria l overgrow th in  the  sm all in testin e  [Batt 
et al., 1991; W hitbread  et al., 1984; B a tt et al., 1983] w hich  have 
also been  suggested  to be due  to a  T-cell dysfunction.
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Two cases of pyoderm a in  G erm an S hepherd  Dogs assoc ia ted  w ith  
a  cell-m ediated  im m unodeficiency have been  reported  [Miller,
1991]. Suggestion  w as m ade th a t a  secondary  in su lt of any  n a tu re  
i.e. a  flea b ite could be enough to decom pensate  the  im m une 
sy stem  a n d  generate  pyoderm a [Scott et al., 1995; Miller, 1991]. 
Som e id iopath ic  cases of pyoderm a have been  described  a s  being 
secondary  to system ic im m unodeficiency a lthough  the  m echan ism  
h a s  ye t to be explained [Muller et a l,  1989].
Clinically, deep pyoderm a p resen ts  a s  red  an d  pu rp le  nodu les 
p ro tu d in g  on  the  sk in  surface w ith haem orrhag ic  an d  p u ru le n t 
exudate , fis tu lous trac ts , haem orrhag ic  bullae, c ru s ts  a n d  
u lce ra tio n  due  to se lf-traum a [Hill & Moriello, 1994; G ross et al., 
1992; M uller et al., 1989; W isselink et al., 1985]. Alopecia, 
hyperp igm enta tion  a n d  lichenification c an  also occur [Muller et al.,
1989].
Im petigo, superficial spread ing  pyoderm a, superficial pyoderm a 
w ith  fu ru n cu lo sis  a n d  folliculitis a n d  deep pyoderm a p re sen t 
different h istological fea tu res. Superficial p u s tu la r  derm atitis  c an  
have form ation  of p u s tu le s  in  th e  superfic ial epiderm is. The 
in teg rity  of the  k e ra tin  layer can  be b roken  dow n by spongiosis, 
acan tho ly sis  a n d  accum ulation  of inflam m atory  cells i.e. 
n eu tro p h ils . The form ation of the  p u s tu le s  m ay occur in  th e  
su b co rn ea l a n d  in tra g ran u la r layers or in  th e  u p p e r layers of th e  
epiderm is [Gross et al., 1992]. At histology, d iscrete  su b co rn ea l 
p u s tu le s  a re  typical of impetigo. The p u s tu le s  a re  elevated above 
th e  ep iderm is in  betw een h a ir follicles a n d  consist of neu tro p h ils  
[Scott el al., 1995; G ross et a l,  1992]. Spongiosis can  be no ted  in  
th e  underly ing  tissu e . W hen neu troph ils  degenerate, c ru s ts  re su lt 
a n d  th e re  is form ation  of a  new  s tra tu m  com eum . The epiderm is 
can  becom e m oderately  acan tho tic  while in  th e  derm is th ere  is 
pe rivascu la r a n d  in terstitialm ixed  inflam m ation  w ith  a  
p redom inance  of neu tro p h ils  [Gross et al., 1992].
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S uperficial sp read ing  pyoderm a appears histologically a s  ep iderm al 
lesions m ainly  consisting  of sm all loosely organized a n d  spongiotic 
superfic ia l p u stu le s . Serocellu lar c ru s ts  cover ill-defined p u s tu le s . 
The p u s tu le s  a re  u su a lly  n o t a s  d iscrete a s  those  of im petigo b u t 
p re se n t a  sim ilar spongiotic epithelium  a t  the  base. The 
in flam m atory  infiltrate is  m ainly  neutrophilic  a n d  is often localised 
to th e  superfic ial derm is. A ccum ulation of neu tro p h ils  in  follicular 
in fu n d ib u la  can  som etim es be found [Yager & Wilcock, 1994; 
G ross e t a l ,  1992].
The p u s tu le s  in  superficial folliculitis a n d  fu ru n cu lo sis  are  m ainly  
com posed  of neu tro p h ils  w ith  som e eosinophils. E osinophils 
som etim es can  be p re sen t in  large num bers . P u s tu le s  often extend 
from  th e  opening of th e  h a ir  follicle to th e  ad jacen t epiderm is. 
C ru s ts  a p p ea r on old p u s tu le s . N eutrophils c an  align along the  
o u te r w all of the  inflam m ed follicle; m ild exocytosis can  also be 
seen . The derm is is  variably  oedem atous a n d  inflam ed. 
N eutrophils, eosinophils a n d  m ixed m ononuclear cells m ay 
accu m u la te  a ro u n d  free kera tin . In chronic lesions p la sm a  cells, 
m acrophages an d  a  few neu troph ils  accum ula te  a ro u n d  follicles 
a n d  vessels; m ild perifollicular fibrosis can  also be found  [Gross et 
a l,  1992].
In deep  pyoderm a, th e  epiderm is is acan tho tic  a n d  in  m any  cases 
u lce ra ted . In  deep folliculitis there  is accum ulation  of n eu tro p h ils  
a ro u n d  th e  wall of th e  follicles w ith  ru p tu re  of th e  follicles an d  
fo rm ation  of fu runcles. The follicles c an  be to tally  rep laced  by 
n o d u les  com posed of neu troph ils , eosinophils, m acrophages a n d  
p la sm a  cells [Day, 1994; G ross et a l ,  1992]. N eutrophils a n d  
m acrophages localise in  th e  cen tre  of th e  nodu les w ith  the  p la sm a  
cells a t  th e  periphery . Form ation  of g ranu lom as w ith  g ian t cells 
o ccu rs a ro u n d  follicular debris. A djacent nodu les m ay coalesce. 
The in flam m ation  som etim es ex tends to the  p an n icu lu s . Severely 
inflam ed a re a s  m ay have cavitation a n d  haem orrhages. Later
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fibrosis c an  occur in  the  derm is. W isselink an d  o thers [1985] 
described  th e  lesions in  23 G erm an S hepherd  Dogs affected by 
p yoderm a a s  vaiying from m ainly  exudative w ith neu troph ils , 
oedem a a n d  m ononuclear cells to p redom inantly  proliferative.
In  one im m unohistologic s tu d y  of 11 dogs affected by deep 
pyoderm a (of w hich  7 were G erm an S hepherd  Dogs) it w as no ted  
th a t  in  th e  lesions observed in  th e  G erm an S hepherd  Dogs there  
w ere very few infiltrating T-cells (16.8 ± 8.5 CD3+ cells per field) in  
com parison  to the  n u m b er of infiltrating  T-cells in  th e  o th er b reeds 
(125.7 ± 58.9 CD3+ cells p e r field). The n u m b er of B- 
ly m p h o cy tes /p lasm a  cells (IgG+, IgM+ a n d  IgA+) w as sim ilar in  all 
dogs. It w as suggested  th a t  a  failure of adequate  cu tan eo u s T-cell 
hom ing  w as occurring  in  the  G erm an S hepherd  Dog affected by 
pyoderm a [Day 1994]. In  an a l fu runcu losis , a  localised form of 
deep  pyoderm a, no difference w as no ted  betw een the  n u m b er of T- 
cells in filtrating  th e  lesion in  G erm an S hepherd  Dogs a n d  o ther 
b reeds [Day, 1993b].
In  one s tu d y  of 34  dogs affected by dem odicosis, apparen tly  
uncom plica ted  by staphilococcal infection, an d  w ith  lesions 
classified  a s  m u ra l folliculitis, folliculitis an d  granulom a, 
im m unosta in ing  w as perform ed. The perifollicular infiltrate 
co n sis ted  of m ainly  p lasm a cells w ith  only 10% CD3+ T-cells; while 
th e  m ajority  of the  cells infiltrating th e  follicular epithelium  were 
CD3+ T-lym phocytes. These T-lym phocytes were a ssu m ed  to be 
cytotoxic T-cells [Caswell e t al., 1995].
T rea tm en t for pyoderm a can  include th e  u tilization  of system ic 
an tib io tics [Scott et a l,  1995; Hill & Moriello, 1994; Hall et al., 
1993a; M uller et al., 1989] a n d  topical an tib io tical trea tm en t [Hill & 
Moriello, 1994]. Im m unom odulatory  therapy  (IMT) to renorm alize 
th e  im m une  system  w ith  levam isole or staphylococcal vaccines h a s  
been  suggested . Prognosis c an  be poor w hen im m unosupp ression  
is severe [Miller, 1991].
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The aim of th is  s tu d y  w as to investigate the  leukocyte reaction  in  
dogs affected by pyoderm a using  m onoclonal leukocyte m arkers, 
Panel 1 on sk in  sections an d  Panel 2 on blood sam ples. Ten dogs 
w ith  clinical signs of pyoderm a an d  superficial derm atitis  were 
se lec ted  for th is  project.
7.2. Materials and Methods
S am ples from ten  dogs of different b reeds a n d  sexes an d  aged 
betw een 2 an d  14 years were available for s tu d y  from the 
D ep artm en t of V eterinary Medicine of the  Glasgow V eterinary 
School a n d  prac tices in  the  Glasgow area. Full details of the  dogs 
a re  listed  in  Table 7.1.; all dog were affected by chronic recu rren t 
sk in  problem s. Skin  biopsies an d  blood sam ples were tak en  from 
each  dog for d iagnostic purposes.
O ne fresh  cu tan eo u s sam ple an d  one fixed sam ple  were tak en  from 
each  dog, an d  p a rt of each  sam ple w as u sed  for im m u n o s tain ing 
(Panel 1 p. 75), details of m ethods are in  C hap ter 2. H aem atoxylin 
a n d  Eosin, PAS a n d  G ram 's sta in ing  were perform ed on  each 
sam ple . Bacteriology re su lts  were also available for each  dog.
The rem ainder of blood sam ples from haem atology for each  dog 
w ere u tilised  for flow cytom etry. Lym phocytes were sep ara ted  from 
w hole blood a s  described  in  C hapter 2 an d  Panel 2 m arkers (p. 
1 1 0 ) w ere applied.
7.3. Results
7.3.1. Tissue
H aem atoxylin and Eosin. Superficial pyoderm a w as p resen t in  six 
dogs (1-6). On the  haem atoxylin  an d  eosin  sections there  w as 
hyperkera to sis  an d  p a rak era to sis  w ith som e superficial necrosis 
an d  in traco m ea l a n d  su b co m ea l p u stu les . The cell infiltrate 
con sis ted  of a  m ixed popu lation  in  w hich eosinophils were well 
rep resen ted  (Figure 7 .1a. an d  Figure 7.2a.). G ram ’s s ta in  w as 
positive in  all th e  sam ples a n d  in  add ition  Staphylococcus
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Dogs Breed Age
(y«0
Sex Lymphocyte
count
(109/1)
Diagnosis
1 Great Dane 2 M 1.536 superficial pyoderma
2 Rottweiler 5 FN 1.430 superficial pyoderma
3 L abrador Retriever 4 M 0.747 superficial pyoderma
4 B earded Collie 5 F 1.677 superficial pyoderma
S G erm an Shepherd Dog 5 M 1.052 superficial pyoderma
6 X-breed 10 FN 1.170 superficial pyoderma
7 X-breed 4 MN 1.545 superficial dermatitis
8 X-breed 3 M 0.630 superficial dermatitis
9 Shetland Sheepdog 14 F 0.948 superficial dermatitis
10 G erm an Shepherd  Dog 4 F 1.840 superficial dermatitis
Table 7.1. D etails of the  dogs affected by chronic cu taneous inflammation.
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interm edius  w as isolated in  all six dogs. The rem aining  four dogs 
(7-10) h a d  superficial derm atitis b u t there  w as no histological 
evidence of pyoderm a. Haem atoxylin a n d  eosin sta in ing  revealed 
m ild acan thosis , variable spongiosis an d  foci of neu troph ilic  
exocytosis. The cell infiltrate consisted  of a  m ixed popu lation  of 
lym phoid cells a n d  p lasm a cells a n d  a  few eosinophils (Figure 
7.3a.). G ram ’s s ta in  an d  bacteriology were negative in  these  
sam ples, a lthough  Staphylococcus interm edius h a d  been  iso lated  on  
p revious occasions.
ImrmirwMsto chem istry. A sim ilar n u m b er of cells infiltrating th e  
epiderm is w as positive for T-cell m ark e rs  an d  B-cell m ark e rs  in all 
ten  dogs. In six dogs granulocytes a n d  a  few large ro u n d  cells, w ith  
a b u n d a n t cytoplasm  positive for MAC387 an d  lysozyme, w ere also 
p re sen t in  the  epiderm is (See Table 7.2.).
In the  derm is of the  six dogs w ith pyoderm a, the  n u m b er of cells 
s ta in in g  for T-cell m arkers (25%-50%) w as sim ilar to the  n u m b er of 
cells s ta in ing  for B -m arkers (25%-50%). In four dogs m ost of the  
cells sta in ing  positively w ith T-cell m ark e rs  were highly positive for 
CD8 a+ an d  only a  few scattered  cells positive for CD4 could  be 
seen . In  the  G erm an S hepherd  Dog, the  n u m b er of cells in  the  
derm is positive for T-cell m arkers, w as only slightly sm aller (10%- 
25%) th a n  in  th e  o ther dogs. Percentages of cells positive for B-cell 
m ark e rs  w as sim ilar to the  o ther b reeds (Figures 7 .1b  an d  7.2b.).
In the  derm is of th e  four dogs w ith  superficial derm atitis , th e  
n u m b er of B- an d  T-lym phocytes constitu ting  the  infiltrate  w as 
again  sim ilar to each  other. In two of the  dogs the  n u m b er of cells 
positive for CD8 a  w as slightly g rea ter th a n  the  n u m b er of cells 
positive for CD4 (Figure 7.3b.).
The derm al infiltrate  included a  variab le  proportion  of large ro u n d  
cells w ith  a b u n d a n t cytoplasm  positive for MAC387 an d  lysozyme, 
in all ten  dogs. G ranulocytes also sta ined  for MAC387 an d  
lysozyme (See Table 7.3.).
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7.3.2. Blood
H aem atology revealed th a t  th ree  dogs (dogs 3, 8  an d  9) were 
lym phopaenic, while lym phocyte n u m b er w as no rm al in  the  o ther 
seven dogs.
P ercen tages of CD4+ lym phocytes were w ithin th e  no rm al range in  
five dogs a n d  lower th a n  norm al values in  th e  rem ain ing  five dogs. 
P roportions of THY-1+ lym phocytes were no rm al in  four dogs a n d  
lower th a n  no rm al range in  the  o ther six dogs, while percen tages of 
CD8 a+ cells were no rm al in  n ine dogs w ith  only one dog (dog 1) 
p resen tin g  w ith  a  h igher value. Of the  B-cell m arkers, CVS31 w as 
w ith in  no rm al range in  eight dogs an d  h igher th a n  no rm al va lues 
in  only two dogs; on the  contrary, percen tages of CVS32 were 
n o rm al in  all dogs (See Table 7.4.).
The CD4:CD8 ratio  w as a ltered  in  all ten  dogs rang ing  from  1:1 to 
3.3:1 in  six dogs. In addition, the  CD4:CD8 ratio  w as reversed  in  
four dogs rang ing  from 1:1.1 to 1:1.5 (See Table 7 .5 . a n d  Figure
7.4.).
7.4. Discussion
Superficial a n d  deep pyoderm a are very com m on cu tan eo u s 
d iseases in  the  dog. The prim ary  pathogen  of all types of can ine  
pyoderm a is Staphylococcus intermedius. Escherichia coli a n d  
P seudom onas  sp . can  also be isolated. In superficial pyoderm a the  
p u s tu le s  a re  ra th e r  sm all an d  m ay have a  h a ir  sh a ft p ro tud ing  
from  th e  centre.
U sually, a lthough  the  follicles are  affected, there  is no h a ir  follicle 
d estruc tion . Deep pyoderm a occurs w ith va rious m an ifesta tions 
a n d  it c an  be m ainly  classified a s  localised or generalized. All types 
of deep pyoderm a are  charac terised  by p u s tu le s  a n d  nodu les w ith  
follicular d es tru c tio n  a n d  consequen t fu runcu losis . [Scott e t at,  
1995; G ross et at,  1992; M uller et at,  1989].
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Figure 7 .1 a . Inflammatory infiltrate in upper and mid derm is of 4 
year old Labrador (dog 3) affected by superficial pyoderma [H&E, x 
125].
Figure 7 .1b . Im m unosta in ing  of mixed inflamm atory cell infiltrate 
in upper derm is (dog 3). Note presence of CD79a+ B lymphocytes 
[APPAP m ethod, x 312.5].
2 0 4
Figure 7 .2 a . Hyperkeratosis and cell infiltrate in upper derm is of 5 
yr old Rottweiler (dog 2) affected by superficial pyoderm a [H&E, x 
125].
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Figure 7.2b. Immunosta ining of mixed inflammatory cell infiltrate
in upper  dermis of dog 2 with CD45RA [APPAP method, x 312.5)].
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Figure 7 .3 a . Irregular epithelial hyperplasia  and inflammatory 
infiltrate in 3 yr old cross-bred dog (dog 8) [H&E, x 125].
Figure 7 .3 b . Im m unosta in ing  of mixed inflammatory infiltrate in 
epidermis and  upper derm is of dog 8. Note CD8«+ T-lymphocytes 
infiltrating the epidermis [APPAP method, x 312.5)].
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CD4 THY-1 CD8a CVS31 CVS32
NV % a.n. % a.n. % a.n. % a.n. % a.n.
mean 21.6 ± 0.47 47 ± 1.0 ± 11.7 ± 0.25 ± 5.6 ± 0.17 ± 6.9 ± 0.16 ±
± 7.4 ± 0.26 7.2 0.35 5.3 0.14 3.7 0.1 5 0.14
SD
min. 11.6 0.13 32.9 0.35 2.5 0.07 0.9 0.03 0.5 0.005
range
max. 36 1.04 57 1.54 23.8 0.53 20 0.98 24.6 0.7
range
Dog 1 20 0.3 48.3 0.74 29.6 0.45 23.2 0.36 14 0.21
Dog 2 10.3 0.15 16.6 0.24 11 0.16 3.4 0.05 7.1 0.1
Dog 3 10 0.07 21 0.16 7.5 0.06 6.6 0.05 9 0.07
Dog 4 12.3 0.21 35 0.57 9.2 0.15 11.3 0.19 6.5 0.11
Dog 5 10 0.1 32.5 0.34 13.8 0.15 5 0.05 5.3 0.05
Dog 6 11.2 0.13 20 0.23 12.2 0.14 10.7 0.12 16.6 0.19
Dog 7 16.5 0.25 40 0.62 5 0.08 6.1 0.09 12.8 0.2
Dog 8 8.8 0.06 25 0.16 9 0.06 2.6 0.02 6 0.04
Dog 9 13.5 0.13 32.4 0.31 10.4 0.09 12 0.11 14 0.13
Dog 10 21.8 0.4 49.2 0.9 21.9 0.4 22.4 0.4 11.2 0.2
Table 7.4. R esults of flow cytometric analysis w ith Panel 2 antibodies in chronic 
cu tan eo u s inflammation.
a.n.: absolu te num bers (109/l)
%: percentages
SD: s tandard  deviation
CD4:CD8 ratio (%)
Dog 1 1:1.5
Dog 2 1:1.1
Dog 3 1.3:1
Dog 4 1.3:1
Dog 5 1:1.4
Dog 6 1:1.1
Dog 7 3.3:1
Dog 8 1:1
Dog 9 1.3:1
Dog 10 1:1
Table 7.5. CD4:CD8 ratio in peripheral blood lym phocytes in  chronic 
cu taneous inflammation.
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Figure 7.4. Percentages of CD4+ a n d  CD8+ cells in  blood in  dogs 
affected by clinical pyoderm a.
Pyoderm a can  be secondary  to nu m ero u s secondary  cau se s  such  
a s  allergic c u ta n o u s  d iseases, ectoparasites, keratin ization  defects, 
endocrine  disorders, im m unodeficiency, anatom ic an d  physiologic 
fac to rs a n d  environm ental factors. Pyoderm a, in  m an  a n d  in  the 
dog, derives ra th e r  com m only from chronic p ru ritic  derm atitis  su ch  
a s  allergic derm atitis  a s  a  resu lt of im petig inisation of lesions in 
a sso c ia tio n  w ith  in tense  scra tch ing  of the  affected a reas [Yager & 
W ilcock, 1994; A ckerm an, 1978].
Sam ples from ten  dogs w ith a  clinical d iagnosis of pyoderm a were 
s tu d ied . The dogs were of different b reeds a n d  sexes a n d  aged 
betw een 2 an d  14 years. Skin  biopsies for derm atopathology and  
blood sam ples for haem atology were taken  from each  an im al and  
th e  rem ain d er u tilised  for im m unostain ing .
Im m unosta in ing  revealed th a t in  bo th  the  dogs affected by 
pyoderm a an d  the  dogs affected by superficial derm atitis  the 
infiltrate  in  the  epiderm is consisted  of T-cells an d  B-cells in  sim ilar 
n u m b ers , a n d  th a t in  six dogs the  infiltrate also contained  som e 
m acrophages, positive for MAC387 an d  lysozyme.
No differences were no ted  in  the  com position of the  derm al 
in filtrate  of these  two groups. The m ajority of T-cells, in  six dogs, 
were cytotoxic T-lym phocytes (CD8 a+), while in  only th ree  dogs 
CD4+ T-lym phocytes p redom inated . In dog 7, a  G erm an S hepherd  
Dog, a  paucity  of T-cells (10%-25%) infiltra tin g  the  derm is w as 
no ted . In one previous s tu d y  [Day, 1994] it w as no ted  th a t  in  
c u ta n e o u s  lesions in  G erm an S hepherd  Dogs the  in filtrate  w as 
com posed of a  sm aller n u m b er (16.3 ± 8.5) of T-cells (CD3+) 
com pared  to the  infiltrate  in  the  o ther b reeds (125.7 ± 58.9). The 
n u m b er of B-cells w as, on  th e  o ther h an d , sim ilar in  all dogs. A 
large n u m b er of neu troph ils , m acrophages an d  eosinophils 
ch arac te rised  all sam ples a s  described  by o ther a u th o rs  [Day, 
1994; G ross et al., 1992].
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A rec en t s tu d y  of can ine  dem odicosis w ith folliculitis, m ural 
folliculitis a n d  g ranu lom a show ed th a t  the  perifolliclular infiltrate 
co n sis ted  of m ainly  p lasm a  cells w ith  only 10%  of CD3+ T-cells. T- 
cells w ere m ostly  found  to infiltra te  the  follicular epithelium . They 
w ere a ssu m e d  to be cytotoxic ra th e r  th a n  helper T-cells [Caswell et 
a l , 1995].
The p redom inance  of CD8 a+ T-lym phocytes no ted  in  th ese  sam ples 
su p p o rts  th e  hypo thesis m ade by Caswell a n d  co -au th o rs  [1995] 
th a t  in  resp o n se  to sk in  infections the  m ain  phenotype of the  T- 
cells p re se n t is  CD8 + cytotoxic.
U sing flow cytom etry is w as noticeable th a t th e  percen tages of T- 
a n d  B-cells w ere very variable, w ith T-cell percen tages being 
affected m ore th a n  B-cells. At lea s t one p a ram ete r w as abnorm al in  
all dogs w ith  th e  exceptions of dogs 3 a n d  7 w here all T- a n d  B-cell 
m ark e rs  were w ithin  th e  no rm al range. The CD4:CD8 ratio  w as 
a lte red  in  all dogs. In one dog th e  p roportion  of CD4+ lym phocytes 
w as m u ch  h igher (3.3:1) th a n  th e  percen tage  of CD8 a+ 
lym phocytes; surprisingly , in  four dogs th e  CD4:CD8 ratio  w as 
inverted  w ith  a  p redom inance  of CD8 a  cells. These findings show  
CD8 + T-lym phocytes are  p re sen t in  the  periphera l blood population  
in  a  large a m o u n t a s  p a r t  of the  im m une response  of affected 
an im als.
In  one s tu d y  [Park et al., 1993] of Staphylococcus aureus  m astitis , it 
w as no ted  th a t  th e  proliferative response  of BoCD4+ T-lym phocytes 
in  th e  m am m ary  g lands w as decreased  while there  w as an  
in c reased  n u m b er of B0 CD8 + lym phocytes. These CD8 + 
lym phocytes expressed  ACT2, a n  activation m olecule. It w as 
d em o n stra ted  th a t  the  rem oval of those  lym phocytes from  infected 
m am m ary  g lands re su lted  in  increased  an tigen  responsiveness. It 
seem s therefore th a t  the  p resence  of activa ted  B 0 CD8 + 
ltm phocy tes leads to hyporesponsiveness to staphylococcal 
infection a t le a s t in  m am m ary glands.
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At p resen t, no d a ta  are  available in  the  lite ra tu re  on  the  n a tu re  and  
pheno type of the  peripheral blood population  in  dogs affected by 
pyoderm a b u t considering the  re su lts  of P ark  a n d  co-w orkers 
[1993] the  increased  n u m b er of CD8 + lym phocytes in  dogs affected 
by pyoderm a m ight accoun t for the  extensive lesions th a t  a re  seen  
in  m any  cases an d  for the  persistence of th e  lesions. D ue to the  
sm all n u m b er of cases available for th is  project it is n o t possible to 
m ake  a  definitive s ta tem en t; however these  re su lts  a re  co n sis ten t 
w ith  th e  view th a t  the  general involvem ent of the  sk in  will affect 
lym phocyte traffic a s  the  im m une system  resp o n d s to the  infection. 
A m u ch  g reater n u m b er of an im als w ith a  w ider range of chronic 
cu ta n eo u s  lesions a n d  additional m arkers  w ould facilitate fu rth e r 
investigation  of th is  type of disorder.
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CHAPTER 8. ANAL FURUNCULOSIS
8.1. Introduction
Folliculitis a n d  fu runcu lo sis  are  com m on d iseases in  the  dog an d  
c an  be caused  by bacteria , fungi or pa rasites . Staphylococcus 
interm edius  is u su a lly  p resen t in  the  lesions a lthough  in  deep 
c u ta n eo u s  infections o ther bacteria  su c h  a s  Proteus sp., 
P seudom onas sp., a n d  E. coli can  be found. Folliculitis cau sed  by 
bacteria , fungi or p a ra s ite s  tends to be suppu ra tive  a t first b u t 
w hen  chronic it becom es g ranu lom atous or pyogranulom atous. 
F u ru n cu lo sis  is alw ays associated  w ith tissu e  eosinophilia  [Scott et 
al., 1995; G ross et al., 1992]. G erm an S hepherd  Dogs a n d  long 
coated  dogs are pred iposed  to these  k inds of d isorder [Gross et 
al., 1992].
A nal fu runcu lo sis  is a  cu tan eo u s d isorder affecting the  perianal 
sk in  a n d  m u co cu tan eo u s ju n c tio n  w ith u n ila te ra l or b ila tera l 
ab scessa tion . The d isease  ten d s to progress, form ing s in u se s  an d  
cau sin g  cu tan eo u s u lceration . It can  also sp read  to the  
su rro u n d in g  tis su e s  an d  it m ay u ltim ately  cau se  an a l s tr ic tu re  
[Day W eaver, 1992; Killingsworth et al., 1988a; G rant, 1986; 
H oulton, 1980a,b]. In  a  B ritish  derm atology textbook it h a s  been 
classified a s  a  localised form of deep pyoderm a [Grant, 1986]. Anal 
fu ru n cu lo sis  h a s  been  described  in  som e A m erican textbooks of 
sm all an im al derm atology, i.e. M uller a n d  co -au th o rs’ textbook 
[1983]; b u t it h a s  n o t been  lately included  in  recen t textbooks of 
pathology [Yager 8 6  Wilcock, 1995; G ross et al., 1992] or sm all 
an im al derm atology [Scott e t al., 1995]. Harvey [1972] in  h is  review 
th e  of lite ra tu re  an d  H oulton [1980b] describe the  clinical signs a s  
being variable  b u t includ ing  tenesm us, pain , constipa tion  or 
d iarrhoea, rec ta l bleeding, licking a n d  biting of the  p e rian a l region, 
dyschezia, coprophagia, faecal incontinence a n d  w eight loss. 
Lethargy, bacteraem ia, m u co -p u ru len t d ischarge a n d  pyrexia are
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repo rted  in  Harvey's review [1972]. G erm an S hepherd  Dogs an d  
cro ss b reed  sh ep h erd s  a re  pred isposed  to a n a l fu ru n cu lo sis  [Day & 
W eaver, 1992; K illingsw orth et a l, 1988a; H oulton 1980a,b; Harvey, 
1972]. Irish  S etters, L abrador Retriever a n d  collie c ro sses are  
described  a s  being a t  r isk  [Day a n d  W eaver, 1992; Harvey, 1972]. 
O ther b reeds su c h  a s  Ja c k  R ussell Terriers, Old English 
Sheepdogs, a n d  cross b reeds have also been  reported  by Day an d  
W eaver [1992]. E ither sex can  be affected, no age predilection  is 
repo rted  a lth o u g h  m ainly  m atu re  a n d  old dogs a re  affected 
[Harvey, 1972].
Harvey [1972] reported  som e of the  hypo theses on th e  aetiology of 
a n a l fu ru n cu lo sis  m ade in  1950s, 60s a n d  70s. Faecal im paction  of 
th e  cryp ts of M orgagni an d  con tam ination  of the  a n a l sacs , h a ir  
follicles a n d  g lands leading to form ation of m icroabscesses a n d  the  
s tru c tu re  of th e  ta il in  G erm an S hepherd  Dogs were suggested  as 
c au se s  of a n a l fu runcu losis . More recently, a  deficiency in  m ucosal 
im m unity  h a s  been  suggested  a s  a n  exp lanation  for the  
p red ispositon  of G erm an S hepherd  Dogs to th is  d isease  a n d  to 
generalized c u ta n eo u s  fu runcu losis , d issem inated  aspergillosis 
[Day 8 s W eaver, 1992; Day 8 s Penhale, 1988] an d  en te ropathy  w ith 
bacteria l overgrow th [Batt et al., 1991; W hitbread  et al., 1984; B att 
et al., 1983]. K illingsw orth a n d  o thers [1988b] failed to dem onstra te  
any  co n sis ten t im m unological or endocrine d isorder corre lated  to 
a n a l fu ru n cu lo sis . Staphylococcus interm edius seem s to be the 
m ain  pa th o g en  of folliculitis w ith fu runcu lo sis  in  th e  dog [Day, 
1993b].
Histologically, a n a l fu runcu lo sis  is ch arac te rised  by epiderm al 
necrosis, u lceration , m ultip le  fistu lae  a n d  s in u se s  lined  by 
g ran u lo m ato u s  tis su e  or stratified  sq u am o u s epithelium , d ilated  
p e rian a l g land  d u c ts  a n d  dense  fibrosis [Day 8 s W eaver, 1992; 
Harvey, 1972]. A ttem pts have been  m ade to divide th e  lesions into 
a n  early, in te rm ed ia te  or late  stage [Killingsworth e t al., 1988a]. The
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sk in  is in filtrated  by sheets  of p lasm a cells an d  T a n d  B-lym phoid 
cells w ith  T a n d  B-cells tending  to form perivascu lar nodu les in  the 
derm is [Day, 1993b; Day & Weaver, 1992]. S im ilar lym phoid 
follicles have been  described in chronic o titis m edia  in  the  dog 
[Little et a l, 1991]. Eosinophils can  be found in  large quan titie s 
with in  th e  lesions in  the  an a l sacs. The an a l sac  involvem ent is 
considered  to be secondary  to the  perianal sk in  involvem ent [Day & 
W eaver, 1992; Houlton, 1980b]. The n u m b er of infiltrating cells can  
vary  from  very few to a  g rea t n u m b er w ith  loss of norm al 
a rch itec tu re . Im m unohistologic sta in ing  show ed th a t  th e  infiltrate 
is com posed of a  sim ilar n u m b er of T- an d  B-cells. B-lym phoid 
c e lls /p la sm a  cells positive for IgM and  IgA tend  to be found 
su rro u n d in g  the  s in u s  trac ts  while IgG+ B-lym phoid ce lls /p la sm a  
cells a re  p resen t w ithin the  cu tan eo u s perifollicular infiltrate  and  
IgA+ B -ce lls /p la sm a  cells an d  T-lym phocytes ten d  to in filtrate  the 
c ircu m an a l g lands. The lym phoid infiltrate form s perivascu lar 
lym phoid follicles w here CD3+ lym phocytes co n stitu te  a  m antle  
zone su rro u n d in g  a  germ inal cen tre  [Day, 1993b].
Surg ical excision an d  an a l sac rem oval have been  tried  w ithout 
g rea t sucess; cryosurgery h a s  been  suggested  a s  the  elective 
trea tm e n t [Houlton, 1980a,b; Harvey, 1972].
The aim of th is  s tudy  w as to u tilise  m onoclonal leukocyte 
an tibod ies on  sk in  sam ples from dogs affected by ana l 
fu runcu lo sis . A w ider range of m arkers, com pared  to a  previous 
s tu d y  [Day, 1993b], w as applied to cu tan eo u s sam ples of deep 
lesions in  a n  advanced  stage of the  d isease  to define th e  cell 
popu la tion  in  th e  affected areas. Ten dogs, including  eight G erm an 
S h ep h erd  Dogs, were selected for th is  study . Blood sam p les  were 
also available from eight dogs an d  these  were tes ted  in  o rder to 
de tect an y  change in  th e  n a tu re  of the  periphera l blood cell 
popu la tion  an d  in  the  expression  of cell surface m olecules.
214
8.2. Materials and Methods
Ten dogs: 8  G erm an S hepherd  Dogs, 1 B earded Collie a n d  1 c ro ss­
b reed  dog, aged betw een 3 a n d  11 years were m ade available for 
th is  s tudy . Full details of the  dogs are  listed in  Table 9 .1 . Dogs 
w ere adm itted  into the  D epartm en t of V eterinary Surgery  of the 
G lasgow  V eterinary School for surg ical rem oval of th e  affected 
a reas . Surg ical biopsies for h istopathology an d  blood sam p les for 
haem atology were tak en  from each  dog. The rem ainder of each  
sam ple  w as u sed  for im m unocytochem ical analysis. O ne fresh  
c u ta n e o u s  sam ple a n d  one fixed sam ple  were tak en  from  each  dog 
a n d  s ta in e d  w ith Panel 1 an tibodies (p.75). Blood sam p les were 
ta k e n  only from eight of the  ten  dogs an d  bound  w ith  P anel 2 
an tibod ies (p. 110). D etails of im m u n ostain ing, flow cytom etry 
m eth o d s a n d  reagen ts  u sed  a re  fully described in  C hap ter 2.
8.3. Results
8.3.1. Tissue
H aem atoxylin and Eosin. H aem atoxylin an d  eosin sta in in g  w as 
perform ed on all sam ples. Histology show ed th a t the  epiderm is in 
dogs 1-6 a n d  10 w as infiltrated  by lym phoid cells. A few 
m acrophages an d  neu troph ils  also infiltrated  the  ep iderm is in  dogs 
4, 5 a n d  10. The epiderm is w as sp a red  in  dogs 7, 8  a n d  9. The 
derm is in  dogs 1, 3, 4 a n d  5 w as heavily infiltrated  by a  large 
n u m b e r of cells while the  n u m b er of cells infiltrating th e  derm is in 
dogs 2, 6 , 7, 8 , 9 a n d  10 w as considered  m oderate  (Figure 8.1a.). 
The infiltrate  consisted  of a  m ixed popu lation  of lym phoid cells, 
large ro u n d  cells w ith a b u n d a n t cytoplasm  p resu m ed  to be 
m acrophages an d  polym orphonucleated  cells. F orm ation  of 
lym phoid  follicles w as no ted  in  the  derm is of each  dog.
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Dogs Breed Age
(y»)
Sex Lymphocyte 
count (109/1)
Samples
1 G erm an Shepherd Dog 4,5 F 0.9 skin and  blood
2 G erm an Shepherd Dog 5 M 0.78 skin and  blood
3 X-breed 3 M 3.3 skin  and  blood
4 G erm an Shepherd Dog 3 F 1.6 skin and  blood
5 Bearded Collie 6 M 0.3 skin and  blood
6 G erm an Shepherd Dog 11 F 0.7 skin and  blood
7 G erm an Shepherd Dog 6 M 1.18 skin and  blood
8 G erm an Shepherd Dog 5 M 0.57 skin and  blood
9 G erm an Shepherd Dog 6 M skin
10 G erm an Shepherd Dog 3 F skin
Table 8.1. D etails of 10 dogs affected by anal furunculosis and sam ples taken.
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Imrnunohistology. The epiderm is w as infiltrated in  only 7 dogs. The 
cell infiltrate  w as com posed of a  sim ilar n u m b er of cells positive for 
T- a n d  B-cell m arkers (Figure 8.2a.). In th ree  dogs the  infiltrate  
co n ta ined  also som e large ro u n d  cells w ith a b u n d a n t cytoplasm  
positive for MAC387 an d  lysozyme. G ranulocytes also s ta in ed  for 
MAC387 an d  lysozyme (See Table 8.2.).
The cell infiltrate in  the  derm is w as again of a  sim ilar n u m b er of 
cells s ta in ing  positive for T- a n d  B-cell m arkers  (Figure 8 .1b., 
F igure 8 .2a. an d  Figure 8.2b). A g reat n u m b er of large ro u n d  cells 
w ith  a b u n d a n t cytoplasm  a n d  granulocytes, b o th  positive for 
MAC387 an d  lysozyme, were interm ingled w ith the  lym phocytes. In 
eigh t dogs the  to ta l n u m b er of these  cells w as sim ilar to th e  to ta l 
n u m b er of lym phocytes, while in  two dogs, dog 8  a n d  dog 9, the  
in filtrate  consisted  m ainly of large ro und  cells w ith  a b u n d a n t 
cy toplasm  a n d  granulocytes (See Table 8.3.).
O n im rnunohistology, lym phoid follicles could be divided in to  two 
a reas , a  cen tra l a rea  w hich corresponded to the  germ inal cen tre  in 
th e  lym ph node an d  a  pe riphera l rim  sim ilar to the  m an tle  zone in 
th e  lym ph node.
The germ inal cen tre  w as uniform ly negative for T-cell m arkers , w ith 
the  exception of CD3 w hich s ta in ed  a  few sca tte red  cells in  dog 10, 
while B-cell m ark e rs  sta in ed  the  m ajority of the  cells in  all dogs. In 
co n trast, in  the  m an tle  zone bo th  B-cell m ark e rs  were negative 
while T-cell m ark e rs  sta in ed  the  m ajority  of the  cells. Follicles were 
negative for bo th  MAC387 a n d  lysozyme (See Table 8 .4 . a n d  Figure
8.3.).
8.3.2. Blood.
H aem atology show ed th a t  dogs 1, 2, 5, 8  a n d  10 were 
lym phopaenic while lym phocyte n u m b ers  in  dogs 3, 4 a n d  9 were 
w ith in  the  norm al range.
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1 2 3 4 5 8 9
cpf <10 <10 <10 <10 <10 <10 <10
CD3 +++ ++ ++ +++ +++ ++ +
THY-1 +++ - ++++ ++ +++ + +++
CD4 ++ ++ +++ +++ +++ + -
CD8a ++ - +++ ++ +++ - ++++
CD79a - +++ ++ ++ ++++ + +
CD79b - - - - - + -
CD5 +++ ++ +++ +++ ++++ +++ +++
CD45pan - ++ - +++ ++++ +++ +++
CD45RA ++++ ++ - +++ ++++ +++ +++
MHC-I1 +++ +++ ++++ ++++ ++++ +++ +++
MAC387 - - - +++ ++ ++ -
Lysozyme “ - - +++ ++ +++ ■
Table 8 .2 . Staining p a tte rn s  of Panel 1 leukocyte m arkers in  the epiderm is 
of sk in  affected by anal furunculosis.
cpf: positive cells p er field
0
+: 10%
++: 25%
+++: 50%
++++: 75%
+ ++++: 100%
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Figure 8 .1 a . Mixed cell infiltrate in mid and  deep derm is of 1 1 
year old Germ an Shepherd  Dog (dog 6) [H&E, x 125],
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Figure 8 .1b . CD8a+ T-lymphocytes are p resen t in m oderate  
n u m b ers  in the mixed cell infiltrate in 11 year old Germ an 
Shepherd  Dog (dog 6) [APPAP method, x 312.5)].
2 2 1
Figure 8 .2 a . Im m unostain ing  of inflammatory infiltrate in 4.5 year 
old Germ an Shepherd  Dog (dog 1). Note CD8u+ T-lymphocytes 
infiltrating epidermis, superficial and mid derm is [APPAP method, 
X 312.5)].
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Figure 8 .2b . CD79a s ta in s  cytoplasm of B lymphocytes in mixed 
cell infiltrate in 4.5 year old German Shepherd  Dog (dog 1) [APPAP 
method, x 625)].
F igu re  8 .3 . Im m unosta in ing  of lymphoid follicles in deep derm is of 
3 year old cross-bred  dog (dog 3). Note (a) T-lymphocytes staining 
positively for CD8a in m antle  and  (b) B-lymphocytes staining 
positively for CD79a in germinal centre [APPAP m ethod, x 312.5)].
R esu lts  for T- an d  B- cell m ark e rs  were variable, ranging  from 
lower to h igher th a n  no rm al values. Of the  T-cell m arkers, 
pe rcen tag es of lym phocytes positive for CD4 were w ith in  norm al 
ran g e  only in  two dogs. The CD4:CD8 ratio  of lym phocytes w as 
w ith in  th e  no rm al range in  th ree  dogs. The percen tages of CD8 + 
cells w ere no rm al in  six dogs a n d  abnorm al in  only two dogs 
rang ing  from  5.7%  to 52.5% . The ratio  CD4:CD8 w as reversed 
(1:1.7) in  one dog (Table 8.5. a n d  Figure 8.4.). Of the  B-cell 
m ark e rs , percen tages of CVS31+ cells were norm al in  th ree  dogs, 
lower th a n  no rm al range in  th ree  dogs a n d  h igher in  two dogs; 
w hile percen tages of cells positive for CVS32 were no rm al in  five 
dogs, lower th a n  norm al in  only one dog an d  h igher in  two dogs. 
(See Table 8 .6 .).
8.4. Discussion
A nal fu ru n cu lo sis  is a  localised form  of deep pyoderm a [Grant, 
1986]. It o ccu rs in  the  periana l sk in  a n d  m u co cu tan eo u s ju n c tio n  
w ith  u n ila te ra l or b ila tera l ab scessa tion . The lesions progress 
form ing s in u se s  an d  cu tan eo u s u lce ra tion  causing  a n a l stric tu re  
[Day & W eaver, 1992; Killingsworth e t ah, 1988a; G rant, 1986; 
H oulton, 1980a,b]. G erm an S hepherd  Dogs a n d  cross breed 
sh e p h e rd s  a re  a t  risk  [Day & W eaver, 1992; Killingsworth et al., 
1988a; H oulton, 1980a,b; Harvey, 1972]. Clinical signs can  be very 
variab le  [Houlton, 1980b; Harvey, 1972]. Sam ples from  ten  dogs, 
includ ing  eight G erm an S hepherd  Dogs, affected by advanced an a l 
fu ru n cu lo sis  were m ade available for th is  study.
H aem atoxylin  a n d  eosin sta in ing  of cu tan eo u s sam ples tak en  from 
each  dog show ed th a t th e  infiltrate  in  th e  epiderm is of seven dogs 
m ainly  consisted  of lym phocytes, a n d  in  th ree  dogs also of 
m acrophages a n d  neu troph ils . The derm is w as heavily infiltrated  
by m ixed cell popu lation  com posed of lym phocytes, m acrophages
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Dogs CD4:CD8 ratio (%)
1 2.5:1
2 3.3:1
3 1.8:1
4 1:1.7
5 1.7:1
6 1.3:1
7 1.3:1
8 1:1
Table 8.5. CD4:CD8 ratio of peripheral blood lym phocytes in  anal furunculosis.
CD4 THY-1 CD8a CVS31 CVS32
NV % a.n. % a.n. % a.n. % a.n. % a.n.
mean 21.6± 0.47± 47± 1.0± 11.7± 0.25± 5.6± 0.17± 6.9± 0.16±
± 7.4 0.26 7.2 0.35 5.3 0.14 3.7 0.1 5 0.14
SD
min. 11.6 0.13 32.9 0.35 2.5 0.07 0.9 0.03 0.5 0.005
range
max. 36 1.04 57 1.54 23.8 0.53 20 0.98 24.6 0.7
range
Dog 1 51.8 0.47 82.7 0.74 20.6 0.19 0 0 0.6 0.01
Dog 2 29.1 0.23 28 0.22 8.9 0.07 0 0 3.8 0.03
Dog 3 10.4 0.34 17.1 0.56 5.7 0.19 2.8 0.09 12.2 0.4
Dog 4 8.8 0.14 31.5 0.5 15 0.24 7.9 0.13 14.8 0.24
Dog 5 12.3 0.04 7.15 0.22 4.5 0.03 0.03 0.001
Dog 6 10.4 0.07 47 0.33 8.1 0.06 47 0.56 21.4 0.15
Dog 7 51.6 0.6 34.2 0.4 40.5 0.5 0 0 42.7 0.5
Dog 8 54.5 0.32 50.2 0.29 52.5 0.3 45.7 0.26 58.7 0.34
Table 8.6. R esults of flow cytometric analysis of anal furunculosis
a.n.: absolute num bers (109/1)
%: percentages
SD: standard  deviation
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■ CD4
Figure 8.4. Percen tages of CD4+ a n d  CD8 ct+ cells in  blood in  an a l 
fu ru n cu lo sis .
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a n d  n eu tro p h ils  in  four dogs while in  d ie  o ther six dogs the 
n u m b e rs  of infiltrating cells w as m oderate. E osinophils heavily 
in filtra ted  th e  derm is [Day, 1994; a n d  C hap ter 7].
Im m unologic sta in ing  show ed th a t T- an d  B-cells, in  a lm ost equal 
n u m b er, infiltrated  the  epiderm is a n d  the  derm is in  all dogs. No 
differences in  the  percen tages of T-cells betw een the  eight G erm an 
S h ep h e rd  Dogs a n d  the  B earded Collie an d  cross-b reed  dog were 
no ted . T -helper cells an d  T -suppresso r cells were p resen t in  sim ilar 
n u m b e r in  m ost dogs. S im ilar n u m b ers  of T- a n d  B-cells a re  
described  in  an a l fu runcu lo sis  for every breed  [Day, 1993b]; while 
in  pyoderm a a  paucity  of T-cells is no ted  in  G erm an S hepherd  
Dogs com pared  to o ther b reeds [Day, 1994]. S im ilar re su lts  are  
rep o rted  in  C hap ter 7 of th is  thesis. In one im m unological s tu d y  of 
forty dogs, Day [1993b] show ed th a t  the  m an tle  of the  derm al 
lym phoid follicles w as positive for CD3 antibody, the  only T-cell 
m ark e r u se d  in  the  study. Im m unoglobulins were u tilised  in  th a t 
s tu d y  to s ta in  B-cells and  p lasm a cells. The lym phoblastic cells of 
th e  germ inal cen tre  were negative for bo th  CD3 and  
im m unoglobulins; no suggestions were given a s  to the  n a tu re  of 
th ese  cells.
F orm ation  of lym phoid follicles w as no ted  in  the  derm is of all dogs. 
No eosinophils were recognized in  the  infiltrate. The p resence  of 
eosinophils in  an a l fu runcu lo sis  is only reported  in  th e  a n a l sacs 
[Day & W eaver, 1992]. W ith th e  application of leukocyte an tibodies 
of P ane l 1 it w as clear th a t th e  lym phoid follicles were divided into 
two a reas , a  cen tra l a rea  positive for B-cell m arkers, pan-leukocyte  
m ark e rs  a n d  MHC-II corresponding to a  nodal germ inal cen tre  an d  
a  p e rip h e ra l rim  of lym phoid cells positive for T-cell m arkers, p a n ­
leukocyte m ark e rs  an d  MHC-II sim ilar to the  nodal m an tle  zone. 
H aem atology of eight of the  ten  dogs show ed th a t  five were 
lym phopaenic  while the  n u m b er of lym phocytes in  the  o th er th ree  
dogs w as w ith in  the  norm al range. Using m onoclonal an tibod ies of
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Panel 2 th e  percen tages of cells positive for T- a n d  B-cell m arkers 
in  flow cytom etry were very variable, ranging  from  lower to h igher 
th a n  no rm al values. For exam ple in  dog 1, th e  percen tages of CD4 
a n d  THY-1 were h igher th a n  norm al va lues while CD8  w as norm al. 
The two B-cell m ark e rs  also p resen ted  d isco rd an t resu lts ; the  
p roportion  of cells positive for CVS32 w as no rm al while no cells 
s ta in e d  for CVS31. Not only w as the  percentage of positive cells for 
each  m ark e r very variable  b u t CD4:CD8 ratio  ranged  from  3.3:1 to 
1:1, in  addition, in  one dog CD4:CD8 ratio  (1:1.7) w as th e  inverse 
of th e  no rm al ratio . In  no rm al dogs, th e  p roportion  of CD4+ 
lym phocytes is double th e  proportion  of CD8 + lym phocytes.
S im ilar findings a re  described  in  chronic d erm atitis  (C hapter 7). As 
described  in  C hap ter 7, following the  findings of P ark  a n d  co­
w orkers [1992] in  bovine Staphylococcus aureus  m astitis , th e  
in creased  n u m b er of CD8 + lym phocytes m ay acco u n t for the  
extensive tissu e  d estru c tio n  no ted  in  a n a l fu runcu lo sis .
B ecause  an a l fu ru n cu lo sis  is a  localised p rocess a n d  none  of the  
dogs w as sistem ically  ill, it  is  difficult to explain th e  changes found  
in  th e  blood. All dogs p resen ted  w ith  a n a l fu ru n cu lo sis  in  a n  
advanced  stage of developm ent, so th e  variability  of th e  blood 
re su lts  c an n o t be ascribed  to the  different course  of th e  d isease. In 
add ition , the  ten  dogs were bled a t the  sam e tim e of th e  day, as, in 
one study , a  d iu rn a l varia tion  of CD4+ cell percen tages in  p a tien ts  
affected by HIV w as repo rted  a n d  th e  suggestion  w as m ade th a t 
blood sam ples sh o u ld  be tak en  a t a  s ta n d a rd ise d  tim e of the  day 
[Malone et al., 1990].
O ther s tu d ies  u n d e rta k e n  have n o t included  any  flow cytom etric 
ana ly sis  n o r p roposed  any  w idespread  im m unological defect 
a lth o u g h  a  deficient m ucosa l im m unity  h a s  been  suggested  [Day 
1993b; Day & W eaver, 1992; B a tt e t al., 1991; Day & W eaver, 1989; 
W hitb read  et al., 1984; B a tt et a l, 1983].
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A stu d y  including  a  g rea ter n u m b er of an im als, s tu d y  of lesions a t 
different stages of severity an d  application of a  wide range of 
leukocyte m ark e rs  is strongly suggested  for a  be tter 
com prehension  of th e  problem .
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SECTIO N V 
A N  IMMUNODEFICIENCY DISORDER
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CHAPTER 9 . IMMUNODEFICIENCY DISORDERS
This ch ap te r deals w ith  a  specific im m unodeficiency d isorder called 
le th a l acroderm atitis . As the  nam e suggests th is d isease is veiy 
severe a n d  m o st affected an im als are  destroyed before they reach  
adu lthood . It is know n to occur in  one breed, Bull Terriers, a n d  to 
d a te  only a  few cases have been  reported . Jezyk  and  o thers [1986] 
first described  the  d isease  an d  suggested  it is a  zinc-related  T-cell 
deficiency on  th e  evidence of th e  clinical signs and  the  sim ilarities 
of th e  cu ta n eo u s  lesions w ith  those  of h u m a n  acroderm atitis 
en te ro p a th ica  a n d  cattle  le tha l tra it  A46.
Recently o th er s tu d ies  were u n d e rta k en  b u t all of them  were based  
on th e  descrip tion  of clinical signs a n d  possible trea tm en ts . In th is 
ch ap te r the  findings of the  app lication  of leukocyte m arkers e ither 
to tis su e  a n d  blood sam ples available from 7 Bull Terriers affected 
by le th a l acroderm atitis  are described.
Lethal Acrodermatitis.
»
9.1. Introduction
L ethal acroderm atitis  of B ull Terriers, w as first described  in  
A m erica by Jezyk  a n d  co-w orkers [1986] a s  a  le tha l d isorder 
ch arac te rised  by sk in  lesions of th e  extrem ities. S ubsequen tly  the  
d isease  w as recognized also in  the  U nited Kingdom [McEwan, 
1992]. L ethal acroderm atitis  h a s  been  reported  in  C anada  by Sm its 
an d  o th ers  [1991] in  a  s tu d y  of th ree  p u p s. M cEwan [1992] 
suggests  th a t  le th a l acroderm atitis  m ay also exist in  G erm any an d  
A ustralia .
In Am erica, the  popu lation  of B ull Terriers is quite  sm all an d  
b ecau se  th e  b reeders were well inform ed an d  very cooperative 
Jezyk  a n d  co-w orkers [1986] identified a  very high proportion  of 
the  affected p u p s. B ased  on pedigree inform ation, they suggested  
th a t  th e  d isease  w as a n  au to som al recessive d isorder an d  th a t  the  
gene w as qu ite  w idespread  w ith in  the  breed  in  the  USA. In the ir
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s tu d y  of seven teen  pups, Jezyk  an d  o thers [1986] described  a  wide 
ran g e  of c linical signs. Affected p u p s were d istingu ished  a t b irth  by 
a  ligh ter s kin  p igm entation  (pigment dilution), w hich becam e 
progressively  m ore evident a s  the  p u p s  grew  older. Difficulty w ith 
m astica tio n  a n d  deglutition w as associated  w ith a  dom ed-hard  
p a la te  a n d  grow th re ta rd a tio n  w as no ted  after the  p u p s  were 
w eaned  resu ltin g  in  the  affected Bull Terriers being m u ch  sm aller 
th a n  th e ir  litterm ates. P ro trusion  of the  n ic tita ting  m em brane w as 
often  no ted . A nother ocu lar abnorm ality  reported  w as m ottled  
p igm en ta tion  a ro u n d  th e  pupillary  border of the  iris. However, 
s k in  lesions were the  m ost characteristic  a n d  the  earliest no ted  
fea tu re  of th e  disease. C u taneous lesions began  to develop a t 6 to 
10 w eeks of age w hich is w hen the  affected p u p s  ten d ed  to be 
referred  to th e  ve te rina rian  for the  first tim e. The lesions ranged  
from  ery th em ato u s an d  c ru s ty  a reas  a ro u n d  m uco -cu taneous 
ju n c tio n s  a n d  feet th ro u g h  folliculitis, pyoderm a, a n d  paronych ia  
to m ark ed  d isto rtion  of na ils  a n d  feet w ith assoc ia ted  severe pain . 
E x te rna l o titis la te r developing into p u ru len t o titis w ith  m arked  
hyperp lastic  changes of the  ear cana ls  a n d  th e  p innae  w as also 
no ted . R espiratory  problem s su c h  as b ronchopneum onia  were 
qu ite  com m on a s  well a s  en teric  d is tu rb an ces  w ith  d iarrhoea  w hich 
could  be severe enough  to cau se  dehydration . M any of the  affected 
p u p s  w ere very aggressive a n d  needed to be sep ara ted  from the ir 
litte rm ate s  w hen  very young  a lthough  w hen  older they  becam e 
progressively  m ore lethargic, sleeping m ost of th e  tim e. 
H aem atology revealed th a t  leukocyte co u n ts  were e ither in  the  
u p p e r  no rm al range or increased  a n d  th a t  m ost p u p s  h a d  
n eu tro p h ilia  while th e  lym phocyte coun ts  w ere e ither no rm al or 
slightly  increased . The affected Bull Terriers, s tu d ied  by Jezyk  an d  
co-w orkers [1986], developed su c h  severe secondary  infections th a t 
the  m ajority  of them  were destroyed w ithin  the  first y ear of life 
w ith  a  m ed ian  survival tim e of ab o u t 7 m onths.
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F u rth e r  s tu d ies  were subsequen tly  u n d e rta k en  on lethal 
acroderm atitis . McEwan [1992], in  Scotland, in  a  s tu d y  of ten  
affected Bull terriers, seven of w hich were fully investigated, 
described  s im ilar clinical signs to th e  Am ericans, b u t he  repo rted  a 
longer survival tim e w ith som e dogs reaching  2 years of age or 
m ore. In  h is  longer term  follow-up s tudy  he described  th e  skin 
lesions a s  becom ing progressively m ore severe by the  age of 9 to 12 
m o n th s  a n d  p resen ting  w ith hyperkeratosis of the  foot pads; the 
n a ils  becam e soft a n d  flaky a n d  eventually  deform ed resu lting  in 
p a in  on  locom otion. Paronychia w as com m only observed in  the  
older dogs while it w as ab sen t in  the  pu p s. P ersisten t pupillary  
m em branes, lens opacities an d  systolic card iac m u rm u r sited  over 
th e  m itra l valve a re a  were also reported  by th is  au tho r. 
Staphylococcus interm edius w as iso lated  from m ost dogs. Lethal 
acroderm atitis  h a s  also been described  in  textbooks su c h  a s  Yager 
a n d  W ilcock [1994] a n d  G ross an d  co -au tho rs [1992].
U sing conventional histology, Jezyk  an d  o thers [1986] no ted  th a t 
th e  c u ta n eo u s  lesions were charac te rised  by p a rakera to sis , 
hyperkera tosis , an d  polym orphonuclear leukocytic infiltration of 
th e  epiderm is a n d  derm is. The lesions were com parable w ith  those 
found  in  h u m a n  acroderm atitis  en te ropa th ica  an d  cattle  le tha l tra it 
A46, b u t  in  c o n tra s t to these  two conditions the  Bull Terriers 
affected by le thal acroderm atitis  did n o t respond  to zinc 
su p p lem en ta tio n  [Jezyk et al., 1986]. Sm its a n d  co-w orkers [1991] 
also suggested  th a t the  zinc deficiency w as the  cau se  of le thal 
acroderm atitis  a lthough  the ir affected p u p s  did n o t respond  either 
to o ral or p a re n ta l zinc supp lem enta tion .
O n th e  b asis  of the  m ultip le severe secondary  infections th a t  those 
B ull Terriers were so prone to develop, Jezyk a n d  co-w orkers 
[1986] m ade the  hypo thesis th a t  those  dogs were im m u nodeficient. 
At histology, there  w as increased  connective tissu e  in  the  thym us 
a n d  fewer H assel’s corpuscles. Few m itotic figure were no ted  in  the
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th e  lym phoid cells. In th e  lym ph nodes, the  follicles were poorly 
defined, the  cortex reduced  a n d  the  s inuso id s contained  
m acrophages a n d  p lasm a  cells. A reduction  in  T-cells in  the 
lym phoid  tis su e s  w as also found. In th e  spleen, the  am o u n t of 
w hite  p u lp  w as reduced  a lthough  the  peria rte rio la r sh e a th s  were 
still ev ident [Jezyk et a l , 1986]. Inciden ta l findings a t post-m orten  
exam ination , described  by Jezyk a n d  co-w orkers [1986], consisted  
of red  d isco louration  of the  sm all bowel a n d  oesophagus, focal or 
diffuse, m ottled, d a rk  red  a reas  in  th e  lungs, a n d  enlarged cerebral 
ven tricles. M cEwan [1992] no ted  skele ta l abnorm alities in  one dog 
consisting  of abnorm al thoracic  vertebrae  a n d  carpal bones.
The aim  of th is  s tu d y  w as to describe the  com position a n d  the 
pheno type  of the  lym phocyte popu lation  in  lym phoid tissu es, skin  
a n d  blood. The utilization  of leukocyte m arkers, allowing the 
recognition  of th e  cell types, perm it e ither confirm ation or negation 
of th e  hypo thesis m ade by previous au th o rs . For th is  reaso n  seven 
B ull Terriers, adm itted  to the  D epartm en t of V eterinary  M edicine of 
th e  G lasgow  V eterinary  School for derm atologic problem s, were 
m ade  available for im m unocytochem istry  analysis.
9.2. Materials and Methods
Seven B ull Terriers affected by le thal acroderm atitis  were m ade 
available for th is  study . They were adm itted  to the  D epartm en t of 
V eterinary  M edicine of the  Glasgow V eterinary  School for clinical 
a sse ssm e n t a n d  possible trea tm en t. All dogs h a d  clinical signs 
c o n s is ten t w ith  a  d iagnosis of le tha l acroderm atitis  (See Table 9.1.). 
Of th e  seven  B ull Terriers two were m ale a n d  five fem ale a n d  were 
aged betw een 14 w eeks a n d  3 years. The four a d u lt dogs were 
severely s tu n te d  w eighting betw een 8 .5kg a n d  14kg. All seven dogs 
p re sen te d  w ith  cu tan eo u s lesions of varying severity. The two 
y o ungest dogs were destroyed a t th e  ow ners req u est b ecau se  of the 
poor prognosis. Dog 3 w as e u th a n a se d  because  it becam e very
234
aggressive a n d  the  o ther four Bull Terriers (adults) b ecau se  the  
lesions in  the  feet becam e so severe th a t  the  dogs w ere a lm ost 
u n a b le  to walk. Dogs 3-7 also h a d  resp ira to ry  problem s a n d  h a d  
b een  trea te d  w ith  an tib io tics du ring  the ir stay  in  the  D ep artm en t of 
V eterinary  Medicine of G lasgow V eterinary.
F re sh  a n d  fixed tissu e  sam ples were tak en  from  each  dog 
im m ediate ly  after e u th a n a s ia  (See Table 9.1.) a n d  s ta in e d  w ith 
P anel 1 an tibodies (p.75). Sam ples were tak en  from  popliteal, 
ax illary  a n d  m esenteric  lym ph nodes an d  from bo th  n o rm al an d  
ab n o rm a l sk in . Splenic sam ples were available from 5 dogs a n d  
th y m u s  or thym ic rem a n ts  from 2 dogs.
Blood sam ples were available only from 5 dogs (See Table 9.2.) an d  
b o u n d  w ith  Panel 2 an tibod ies (p. 110). All the  dogs h a d  been  
ro u tine ly  bled for investigative p u rposes du ring  th e ir s ta y  a t 
G lasgow  V eterinary  School a n d  the  rem ainder of the  sam p les w as 
u se d  for flow cytom etric analysis. In addition  a  blood sam ple  w as 
ta k e n  from  each  of the  5 dogs a t  eu th an as ia .
H aem atoxylin  a n d  E osin  sta in ing  w as done on  each  sam ple. 
Leukocyte m ark e rs  of P anel 1 were applied to th e  tis su e  sam p les 
(lym ph nodes, spleen, sk in  a n d  thym us). Leukocyte m ark e rs  of 
P anel 2 w ere u se d  on th e  blood sam ples (See C hap ter 2).
9.3. Results
All dogs h a d  p resen ted  w ith  pyoderm a varying from  m ild to very 
severe a n d  all tes ted  positive for M alassezia pachyderm atis. At 
post-m ortem  exam ination  all dogs were s tu n te d  a n d  h a d  dom ed 
h a rd  p a la te s , a  sh o rt tongue, sm aller th a n  expected p a n c rea s  an d  
sk in  lesions w hich were especially severe a t  the  ex trem ities (Figure 
9.1a.).
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9.3.1. Tissue 
Lymph Nodes
At post-m ortem  exam ination  lym ph nodes were grossly no rm al in  
all th e  dogs a p a r t  from dog 3; in  th is  11 m on th  old m ale all lym ph 
n odes w ere enlarged w ith  th e  su b -m an d ib u la r lym ph nodes being 
a b o u t th ree  tim es no rm al size. R eduction in  the  n u m b er of T-cells 
w as no ticeab le  in  all T-lym phoid a reas  in  add ition  to th e  loss of 
a n tig en s  from  som e of the  remaining cells. The depletion of B-cells 
in  B -lym phoid a reas  w as less evident, a lthough  the  m ajority  of the  
rem ain ing  cells h a d  lost th e  an tigens.
In  dog 1 a n d  dog 2 (14 a n d  16 w eeks old dogs) the  p roportion  of 
cells positive for all T-cell m arkers w as h igher th a n  no rm al in  the  
superfic ia l a n d  in  the  deep cortex a n d  w ithin the  no rm al range  in  
th e  m an tle  zone a n d  in  th e  m edulla. In  the  germ inal centre  
p e rcen tag es of cells positive for CD4 a n d  THY-1 were increased  
while percen tages of positive cells for CD8 were in  th e  norm al 
range.
The n u m b e r  of cells s ta in in g  for th e  B-cell m arkers  w as h igher 
th a n  n o rm al in  the  m an tle  zone, w ith in  the  norm al range  in  the  
superfic ia l a n d  in  the  deep cortex a n d  in  the  germ inal cen tre  b u t 
below  th e  no rm al value in  the  m edulla. The percen tage of positivity 
to MHC-H m ark er w as increased  in  all lym ph node a reas . P an ­
leukocyte  m ark e rs  generally were h igher th a n  no rm al va lues in  the 
superfic ia l a n d  in  th e  deep cortex while the ir s ta in ing  p a tte rn  w as 
w ith in  th e  no rm al range in  the  m an tle  zone a n d  in  th e  m edu lla  b u t 
decreased  in  the  germ inal cen tres. CD45RA sta in ing  percentage 
w as red u ced  in  the  superficial cortex b u t  w ith in  no rm al va lues in  
th e  germ inal cen tres. In dogs 3, 4, 5, 6 a n d  7 the  p roportion  of 
positive cells w as generally  below norm al for all m arkers . Only 
exceptions, w ith  values h igher th a n  norm al, were CD5 in  the  
superfic ia l cortex in  dog 6 a n d  dog 7 a n d  MHC-H in  th e  m antle  
zone a n d  in  the  m edu lla  in  dog 4 a n d  in  the  germ inal cen tre  in  dog
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F igu re  9 .1 a . Pedal lesions of 2.5 year old Bull Terrier (dog 6). Note 
severity of lesions with th ickening  of footpad an d  nail d istortion.
F igu re  9 .1b . Severe hyperkeratosis, p a rak era to sis  an d  epithelial 
hyperp lasia  (dog 6) [H&E, x 125].
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4 a n d  dog 6.
M onocytes a n d  histiocytes were p re sen t in  relatively large n u m b er 
in  all dogs a n d  tes ted  positive for lysozyme an d  MAC387. 
P ercen tages of sta in ing  of leukocyte m arkers are  com pared  
g raph ically  in  th e  various lym ph node a reas  in  Figure 9.2. R esults 
a re  lis ted  in  Table 9.3. an d  illu s tra ted  in  F igures 9 .3 .-9 .7 .
Spleen
At post-m ortem  exam ination, the  sp leen  w as slightly en larged  in  all 
dogs. At histology a  reduction  in  size of the  w hite pu lp  a re a s  w as 
no ted .
In all dogs (2, 3, 4, 6 an d  7) the  p roportion  of cells positive for T- 
cell m ark e rs  w as w ithin the  no rm al range in  the  red  pu lp  w ith  the 
exception  of CD3 in  dog 7 a n d  CD4 in  dog 2 being negative. 
P ercen tages of T-cell m arkers w ere lower th a n  no rm al va lues or 
negative in  PALS a n d  m arg inal zone a n d  negative in  the  m antle  
a n d  germ inal cen tre  of the  splenic corpuscle.
Percen tages of B-cell m arkers  w ere lower th a n  norm al va lues in  the 
red  p u lp  of all cases. CD79a w as negative in  all o ther a reas , while 
CD79b w as lower th a n  no rm al va lues or negative in  the  m arg inal 
zone, m an tle  a n d  germ inal cen tre  of the  splenic corpuscle  w ith  the 
exception of the  m antle  in  dog 2 a n d  4 w here the  p roportion  of 
C D 79b w as norm al.
The percen tage  of cells sta in ing  for p a n  leukocyte m ark e rs  w as 
lower th a n  no rm al range or negative in  the  red  pulp , PALS, m an tle  
a n d  m arg inal zone in  all cases a p a r t  from CD45RA in  dog 3 being 
h igher th a n  no rm al values a n d  C D 45pan, CD45RA a n d  CD5 in  
PALS of dog 2 a n d  CD45RA in  m arg inal zone of dog 2 being 
norm al. All p a n  leukocyte m ark e rs  were negative in  the  germ inal 
cen tre  of splenic corpuscle w ith th e  only exception of CD 5 in  dog 2 
being n o rm al (See Table 9.4.).
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F ig u re  9.2. G raphic representation  of staining patterns of leukocyte an tibod ies on 
no rm al canine lym ph node (NV), 14 w eek old Bull Terrier (dog 1) and 3 year old Bull 
T errier (dog  7). C ontinued.
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F ig u re  9.2. G raphic representation  of staining patterns of leukocyte antibodies on 
norm al canine lym ph node (NV), 14 w eek old Bull Terrier (dog 1) and 3 year old Bull 
T errier (dog  7).
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Figure 9.3. Follicles and  cortex of (a) norm al can ine lym ph node
an d  of (b) 14 week old Bull Terrier s ta ined  with CD4 [APPAP
m ethod, x 312.5  (a) and  125 (b)j.
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Figure 9.4. Follicles and  cortex of (a) norm al can ine lym ph node
and  of (b) 14 week old Bull Terrier sta ined  w ith CD8a [APPAP
m ethod, x 312.5  (a and  b)].
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F ig u re  9 .5 . Cortex of lym ph node in 14 week old Bull Terrier 
s ta ined  w ith (a) CD5, (bj CD4 an d  (c) CD8a [APPAP m ethod, x 
312.5].
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Figure 9.6. Cortex of (a) norm al can ine lym ph node an d  of (b) 2.5
year old Bull Terrier sta ined  with CD5 [APPAP m ethod, x 125 (a)
and 312.5  (b)].
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Figure 9 .7 . S tain ing  of cortex in lym ph node of 2 .5  year old Bull 
Terrier with (a) CD5, (b) CD4 and (c) CD8a. Follicles are poorly 
defined [APPAP m ethod, x 312.5].
Thymus.
A sam p le  of th y m u s w as available only from one dog (dog 2). 
T hym us looked no rm al a t gross an d  histological exam ination. 
Thymic rem n an ts  w ere found  in  dog 6.
The p roportion  of cells positive for T-cell m arkers w as lower th an  
n o rm al v a lues in  bo th  dogs in  bo th  the  cortex an d  the  m edulla  w ith 
th e  exceptions of CD3 being norm al in  the  cortex of dog 6, CD8a 
being h igher th a n  no rm al values in  m edulla  of dog 2 a n d  CD4 
being negative in  cortex of dog 2.
The two B-cell m ark e rs  s ta in ed  few scattered  cells in  bo th  cortex 
a n d  m edulla .
The percen tage  of cells sta in ing  for p an  leukocyte m arkers w as 
lower th a n  no rm al va lues in  bo th  dogs w ith the  exceptions of 
CD45RA in  m edu lla  of dog 6 an d  CD45RA in  m edulla  of dog 2 and  
6 being  no rm al a n d  CD 5 in  cortex of dog 6 being h igher th a n  
n o rm al va lues (See Table 9.5.).
Skin
M icroscopy of sections of w hat h ad  appeared  to be norm al skin 
revealed  irregu lar ep iderm al hyperp lasia  w ith a  m oderate  infiltrate 
of lym pho-histiocytic cells in  the  derm is. Histology of grossly 
ab n o rm al sk in  revealed severe parakera to tic  hyperkeratosis w ith 
superfic ia l pyoderm a, ep iderm al hyperp lasia  (Figure 9.1b.) an d  a  
m assive  infiltrate  of m ononuclear cells an d  neu tro p h ils  w ith  som e 
exocytosis in  dog 2 a n d  dog 4. In bo th  clinically norm al and  
ab n o rm al sk in  th e  infiltrating cells were m ainly CD4+, CD8a+, 
THY-1+, CD5+ T-cells, b u t sm all n u m b ers  of CD79a+ an d  CD79b+ 
cells w ere also found. Few CD45pan+, CD45RA+ a n d  MHC-II+ cells 
w ere de tected  in  m ost of th e  sections. Dog 2 an d  dog 4 p resen ted  
few cells infiltrating  the  epiderm is. In dog 2 these  cells sta ined  
positive for CD4 (10%), CD3 (10%) an d  MHC-E (10%). In dog 4 the 
in filtra ting  cells were positive for CD4 (10%), THY-1 (10%), CD5
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(10%), CD45RA (10%) an d  MHC-II (10%). R esults are  detailed in  
Table 9 .6 . a n d  Table 9.7.
Lysozyme a n d  M ac-387 sta in ing  revealed sca tte red  positive cells in 
each  sam ple.
10.3.2. Blood
R outine blood sam ples revealed th a t  leukocyte co u n ts  were above 
or w ith in  th e  no rm al va lues (8.6 109/1 to 33 .4  109/1). N eutrophil 
c o u n ts  w ere varying from 6.732 109/1 to 27.722 109/1; while 
lym phocyte c o u n ts  were w ithin the  no rm al range (1.002 109/1 to 
2 .983  109/1) in  m ost cases except dog 2 a t  9 m on th s (0.735 109/1) 
a n d  dog 3 a t 23 m o n th s  (0.890 109/1) w here lym phocyte coun ts 
were below  th e  no rm al values.
In dogs 3-5 the  n u m b er of w hite blood cells an d  in  p a rticu la r of 
neu tro p h ils  fluc tua ted  in  the  different sam ples, correlating w ith the  
seco n d a iy  infections p resen t a t the  tim e of the  sam pling. Records 
of parvo a n d  d istem per titres  also show ed th a t  dogs 3, 6 a n d  7 h ad  
resp o n d ed  to the  vaccinations. Blood da ta , for all five dogs, are  
lis ted  in  Table 9.2.
Dog 4 (14 m o n th s  old female) p resen ted  w ith  high  percen tage of 
THY-1. CD4, CD8a, CDS31 an d  CVS32 w ere norm al. In dog 5 (2 
years  old female) a n d  dog 6 (2.5 years old female) the  percen tages 
of positive cells for THY-1 an d  CD4 were decreased , while CD8a, 
CVS31 a n d  CVS32 were norm al. In dog 7 the  percen tages of 
positive cells for CD4, THY-1 w as decreased , CVS31 w as negative 
an d  CD8a a n d  CVS32 were norm al (Table 9 .8  and  Figure 9.9.).
In case  3 (11 m o n th  old male), th ree  blood sam ples were tak en  a t 
different ages (4, 7 a n d  11 m onths).
At 4 m o n th s  of age, the  percen tages of positive cells for CD4, CD8a 
an d  CVS32 were norm al. The percen tage of THY-1+ lym phocytes 
w as decreased  while CVS31 w as negative.
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F igure  9 .8 . Mixed cell infiltrate in grossly norm al sk in  in 11 m on th  
old Bull Terrier. Note sca ttered  (a) CD4+ T-lym phocytes a n d  (b) 
CD8a T-lym phocytes in epiderm is an d  superficial derm is [APPAP 
m ethod, x 312.5].
At 7 m o n th s  of age, the  percentage of positive lym phocytes for CD4 
w as double th a t  a t 4 m o n th s an d  h igher th a n  th e  m axim um  range. 
THY-1, CD8a, CVS31 a n d  CVS32 were decreased . At 11 m o n th s  of 
age, the  percen tages of positive lym phocytes for CD8a, CVS31 an d  
CVS32 were w ith in  the  norm al values. The percen tage of THY-1+ 
lym phocytes w as increased  while CD4 w as decreased  (Table 9.9. 
a n d  Figure 9.10).
9.4. Discussion
Lethal acroderm atitis , first described  by Jezyk  a n d  co-w orkers 
[1986], is a  d iso rder affecting B ull T en iers . C u taneous lesions 
ranging  from  ery them atous a n d  c ru sty  a re a s  to folliculitis, 
pyoderm a, paronych ia  a n d  nail d istortion, a n d  o th er infections, 
su c h  a s  resp ira to ry  problem s a n d  otitis a re  charac teristic  fea tu res 
of th is  d isorder. These types of lesions were com pared  by Jezyk  and  
co -au tho rs [1986] to those  of h u m a n  acroderm atitis  en te ropath ica  
a n d  cattle  A46 le th a l tra it a n d  therefore the  suggestion  of a  zinc 
im m unodeficiency w as m ade. Post-m ortem  exam ination  of 
lym phoid o rgans a n d  expecially of lym ph nodes seem ed to confirm  
the hypothesis. A ttem pts to te s t c irculating  blood lym phocytes 
were m ade u tilising  blastogenic m itogens su c h  a s  pokeweed 
m itogen, concavalin  A a n d  phytohaem oagglu tin in . P ups show ed a  
consisten tly  decreased  response  to phytohaem oagglutin in , a  
p resum ed  T-cell m itogen. In th is  study , sam ples tak e n  a t the  p o s t­
m ortem  exam ination  of 7 Bull Terriers (5 fem ales a n d  2 m ales) 
affected by le th a l acroderm atitis  were tes ted  w ith  leukocyte 
antibodies. All the  seven dogs p resen ted  the  typical clinical an d  
pathologic fea tu res  of th e  d isease. The sam ples from  lym ph nodes 
show ed th a t  in  th e  2 youngest dogs (dogs 1 a n d  2) th e  percen tages 
of T-cell m ark e rs  w ere norm al or h igher th a n  no rm al values, while 
B-cell m ark e rs  were already  low or negative.
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Figure 9.9. Percentages of pe riphera l blood cells positive for Panel 
2 an tib o d ies  in  4 Bull Terriers.
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Figure 9.10. Percentages of peripheral blood cells positive for 
P anel 2 an tibod ies in  dog 3 a t different ages.
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The only exception w as dog 1 w here the  percen tage of cells positive 
for B-cell m ark e rs  in  the  m an tle  zone of th e  lym ph node w as h igher 
th a n  the  no rm al value. In the  o ther 5 dogs the  percen tages of T- 
cells tended  to drop w ith  age. A lthough percen tages of CD5 in  the  
superficial cortex in  dog 6 an d  7, MHC-II in  th e  m an tle  zone in  
dogs 4 an d  6 a n d  MHC-II in  the  m edulla  in  dog 4 were h igher th a n  
th e  norm al range.
The sam ples from  th e  sp leen  of 5 of the  B ull Terriers show ed th a t 
in  all of them  the  percen tages of cells s ta in in g  for T-cell m arkers 
w ere lower th a n  no rm al in  all splenic a re a s  w ith  th e  exceptions of 
th e  red  pu lp  w here th e  p roportion  of positive cells w ere w ithin the 
n o rm al values. The percen tages of cells positive for B-cell m arkers 
w as lower th a n  no rm al va lues or negative in  any  case. The p a n  
leukocyte m ark e rs  w ere lower th a n  no rm al va lues or negative in  
m o st of th e  splenic a re a s  in  all dogs a p a r t  from  CD45RA in  the  
m arg inal zone of dog 3 being h igher th a n  no rm al values an d  
CD 45pan, CD45RA a n d  CD5 in  PALS of dog 2 a n d  CD45RA in  
m arg inal zone of dog 2 being norm al.
The depletion in  T- a n d  B-cell cell su rface an tigens d id  n o t seem  to 
be rela ted  to the  stage of the  lym phoid cell developm ent or any 
histological area.
In  T-lym phoid a reas  loss of an tigens a n d  depletion of T-cells were 
evident. In B -lym phoid a re a s  th e  loss of an tigens seem ed to be 
m u ch  greater th a n  the  a c tu a l depletion in  B-cells.
Young affected an im als, a lthough  suscep tib le  to secondary  
infections su c h  a s  pyoderm a an d  resp ira to ry  d isorders, were still 
capable of som e im m unoreaction , while in  th e  older dogs the 
im m une system  w as no longer able to respond .
As d iscussed  earlier on, in  h u m a n  acroderm atitis  en teropath ica , 
cattle  le thal tra it  A46 a n d  zinc deficiency d iso rders adm in istra tion  
of zinc e ither orally a n d  paren tera lly  can  cu re  th e  pa tien t.
Dogs affected by le thal acroderm atitis  do n o t resp o n d  to zinc
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s u p p le m e n ta t io n .  T h e  z in c  d e f ic ie n c y  m a y  th e r e f o r e  a f fe c t th e  
im m u n e  s y s te m  a t  a n  e a r ly  s ta g e .
Z in c  d e f ic ie n c y  m a y  w e ll b e  a  c a u s e  o f  im m u n o d e f ic ie n c y  b y  i t s  
im p a i r m e n t  o f  c e ll d iv is io n . I t h a s  b e e n  r e p o r te d  t h a t  a  d ie t  
m a rg in a l ly  d e f ic ie n t  in  z in c , fe d  to  m ic e  in  la te  p r e g n a n c y  
p r o f o u n d ly  a f fe c ts  t h e  e a r ly  d e v e lo p m e n t  o f  t h y m u s  a n d  s p le e n  in  
t h e  o f fs p r in g . T h e  v o lu m e  o f  th e s e  2 o r g a n s  c a n  b e  r e d u c e d  b y  u p  
to  9 0 %  a n d  a s  a  c o n s e q u e n c e  o f  th i s  r e d u c t io n  i n  t i s s u e  m a s s  
t h e r e  i s  a ls o  a  r e d u c t io n  in  T  a n d  B -c e ll p r o d u c t io n  [C legg e t al.,
1 9 8 9 ] .
I m p a i r m e n t  o f  im m u n e  f u n c t io n  m a y  p e r s i s t  in to  a d u l th o o d  a n d  
s im ila r  im m u n e  d e f a u l t s  h a v e  b e e n  r e p o r te d  in  m a rg in a l ly  d e f ic ie n t  
i n f a n t  m o n k e y s  [K een  & H u rle y , 1 9 8 9 ].
B lo o d  s a m p le s  w e re  n o t  a v a i la b le  f ro m  th e  tw o  y o u n g  do g . D o g s  
w e re  r o u t in e ly  b le d  fo r  in v e s t ig a t iv e  p u r p o s e s  w h ile  a t  th e  G la sg o w  
V e te r in a r y  S c h o o l (T ab le  9 .2 .) ; th e  r e m a in in g  b lo o d  f ro m  s o m e  o f 
t h e  s a m p le s  w a s  t e s t e d  fo r T -ce ll m a r k e r s  (C D 4, C D 8 a  a n d  THY-1) 
a n d  B -c e l l  m a r k e r s  (C V S31 a n d  C V S32) b y  f lo w  c y to m e try .  D og  3 
w ill b e  d i s c u s s e d  s e p a r a t e ly  f ro m  th e  o th e r  d o g s  b e c a u s e  o f  th e  
f lu c t u a t i o n  o f  th e  e x p r e s s io n  o f  T -ce ll m a r k e r s .
T h e  p e r c e n ta g e  o f  TH Y -1+ ly m p h o c y te s  w a s  h ig h e r  t h a n  n o r m a l  
v a lu e s  a n d  C D 4  w a s  w i th in  n o r m a l  v a lu e s  o n ly  in  o n e  d o g , w h ile  
b o th  p e r c e n ta g e s  w e re  d e c r e a s e d  in  th e  o th e r  3  d o g s . T h e  
p r o p o r t io n  o f  c e lls  p o s it iv e  fo r  C D 8  a n d  th e  B -c e l l  m a r k e r s  w a s  
w i th in  t h e  n o r m a l  r a n g e  w i th  th e  o n ly  e x c e p t io n  o f  C V S 31  b e in g  
n e g a t iv e  in  d o g  7 . T h e  C D 4 :C D 8  r a t io  w a s  a l te r e d  b e in g  1:1  in  3  
d o g s  a n d  1 .5 :1  in  d o g  7 . N o rm a l C D 4 :C D 8  r a t io  is  2 :1  (S ee C h a p te r  
3). T h is  r e s u l t ,  i n  c o n ju n c t io n  w i th  th e  p e r c e n ta g e s  o f  C D 4+  a n d  
C D 8 + ly m p h o c y te s ,  s u g g e s t s  t h a t  th e r e  is  a  r e d u c t io n  in  th e  
n u m b e r  o f  h e lp e r  T -c e lls  w ith  o r  w i th o u t  lo s s  o f  e x p r e s s io n  o f  C D 4  
a n t ig e n  b y  T -c e lls  w h ile  s u p p r e s s o r  T -ce lls  a r e  w i th in  th e  n o r m a l  
r a n g e .
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T h re e  b lo o d  s a m p le s  w e re  t a k e n  f ro m  d o g  3 . A t 4  m o n t h s  C V S32 
w a s  n o r m a l  w h ile  C V S 31  w a s  n e g a t iv e . B o th  B -c e ll  m a r k e r s  
(C V S 31  a n d  C V S 32) w e re  d e c r e a s e d  a t  7  m o n th s .  A t 11 m o n th s  
C V S 3 1 a n d  C V S 32  w e re  n o rm a l .
A t 4  m o n t h s  C D 4  a n d  C D 8 a  w e re  n o rm a l ,  a n d  TH Y-1 w a s  
d e c r e a s e d  w i th  a  p e r c e n ta g e  o f  p o s itiv e  c e l ls  lo w e r  t h a n  t h a t  o f  
C D 4 . T h e  C D 4 :C D 8 a  r a t io  w a s  3 :1 .
A t 7  m o n t h s  th e  p e r c e n ta g e  o f  C D 4  w a s  in c r e a s e d  w h ile  TH Y -1 w a s  
e v e n  lo w e r  t h a n  a t  4  m o n th s .  C D 8 a +  w a s  a ls o  d e c re a s e d .  
C D 4 :C D 8 a  r a t io  w a s  c o m p le te ly  a l te r e d  (6 1 :1 ). A t 11 m o n t h s  C D 8 a  
w a s  w i th in  th e  n o r m a l  r a n g e ,  a n d  in  c o n t r a s t  TH Y -1 w a s  in c r e a s e d  
a n d  C D 4  d e c r e a s e d .  C D 4 :C D 8 a  r a t io  w a s  a g a in  1 :1 .
In  f e l in e  im m u n o d e f ic ie n c y  v i r u s  (FIV) p o s itiv e  c a t s  t h e  p e r c e n ta g e  
o f  C D 4 +  c e lls  is  d e c r e a s e d  w h ile  C D 8 a  is  in c r e a s e d .  C D 4 :C D 8 a  
r a t io  is  1 .6 :1  in  c o n t r a s t  w ith  3 .3 :1  in  n o r m a l  c a t s .  P a t i e n t s  w ith  
A ID S  s h o w  a  d e p le t io n  o f  C D 4+  ly m p h o c y te s  a n d  a n  in c r e a s e  in  
C D 8 + ly m p h o c y te s  [H o ffm a n -F e z e r  et a l ,  1 9 9 2 ] . T h e  e v a lu a t io n  o f 
C D 4  le v e l s e e m  to  b e  v e ry  im p o r ta n t  in  H IV -p o s itiv e  p a t i e n t s  b u t  
t h e  in c r e a s e  o f  C D 8 a +  c e lls  a ls o  in d ic a te s  a  p r o g r e s s io n  in  th e  
d i s e a s e  [Liu et a l,  1 9 8 9 ]. I t w a s  s u g g e s te d  t h a t  t h e  a s s e s s m e n t  o f  
t h e  to t a l  T -ce ll (C D 3), to t a l  B -c e ll (CD 19 o r  C D 2 0 ) a n d  C D 8 + c e lls  
a s  w e ll a s  C D 4+  c e lls  a r e  v e ry  im p o r ta n t  in  th e  p r o g n o s is  o f  HIV- 
in f e c te d  p a t i e n t s .  T h e  p e r c e n ta g e  o f  to ta l  T- a n d  B -c e l ls  a r e  
g e n e r a l ly  n o r m a l  a l th o u g h  th e r e  is  a n  in c r e a s e  i n  C D 8  ly m p h o c y te s  
[T ay lo r e t al., 1 9 8 9 ].
T h e  r e s u l t s  in  d o g  1 w e re  r a t h e r  u n u s u a l  a n d  th e  f l u c tu a t io n  o f  th e  
p e r c e n ta g e s  o f  T -ce ll m a r k e r s  c o u ld  b e  d u e  to  v a r io u s  s e c o n d a r y  
in f e c t io n s  a f fe c t in g  t h i s  p a r t i c u l a r  a n im al r a t h e r  t h a n  b e in g  r e la te d  
to  th e  im m u n e  d is o r d e r .  B o th  B -c e ll m a r k e r s  w e re  c o n s ta n t ly  lo w  
w i th  t h e  o n ly  e x c e p t io n  o f  C V S 32  t h a t  w a s  n o r m a l  a t  11 m o n th s .  
TH Y -1 w a s  d e c r e a s e d  in  a l l  d o g s  a p a r t  f ro m  d o g  4 . C D 4  w a s  n o r m a l  
i n  d o g  4  a n d  d e c r e a s e d  in  d o g s  5 , 6  a n d  7 . In  c o n t r a s t  C D 8 a  w a s
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a lw a y s  w i th in  t h e  n o r m a l  r a n g e .  T h e  ly m p h o c y te  c o u n t  t e n d e d  to  
b e  w i th in  t h e  n o r m a l  v a lu e s .  T h e  o n ly  e x c e p t io n s  w e re  c a s e  2 a t  9  
m o n t h s  a n d  c a s e  3  a t  2 3  m o n t h s  w i th  d e c r e a s e d  n u m b e r s  o f  
ly m p h o c y te s .
P e r c e n ta g e s  o f  B -c e ll  a n t ig e n s ,  b y  f lo w  c y to m e try , w e re  c o n s ta n t ly  
w i th in  n o r m a l  r a n g e  in  a l l  d o g s  w i th  t h e  o n ly  e x c e p t io n  o f  d o g  4 . In  
c o n t r a s t  in  m o s t  s a m p le s  th e  p e r c e n ta g e s  o f  TH Y -1+ a n d  C D 4+  
ly m p h o c y te s  w e re  lo w e r  t h a n  th e  n o r m a l  r a n g e .  In  th e  t i s s u e s  
d e p le t io n  o f  ly m p h o id  c e lls  w a s  n o te d  a s  w e ll a s  lo s s  o f  a n t ig e n s .  
A lth o u g h  d e p le t io n  o f  B -c e lls  a n d  B -c e ll  a n t ig e n s  a s  w e ll a s  T -ce lls  
a n d  T -c e ll a n t ig e n s  w a s  n o te d  in  a l l  t i s s u e  s a m p le s ,  p e r ip h e r a l  
b lo o d  ly m p h o c y te s  w e re  m o s t ly  e x p r e s s in g  n o r m a l  p e r c e n ta g e s  o f  
B -c e ll a n t ig e n s .  T h is  finding s u g g e s t s  t h a t  th e  im p a i r m e n t  o f  th e  
im m u n e  s y s te m  a f fe c ts  d ir e c t ly  t h e  T -ce lls  a s  a s s u m e d  b y  J e z y k  
a n d  c o -w o rk e r s  [1 9 8 6 ], a n d  t h a t  t h e  in v o lv e m e n t o f  B - ly m p h o c y te s  
in  t h e  t i s s u e  i s  p r o b a b ly  s e c o n d a ry .
T h e  a p p l ic a t io n  o f  le u k o c y te  m a r k e r s  to  l e th a l  a c r o d e r m a t i t i s  h a s  
e n a b le d  u s  to  d e te r m in e  th e  n a t u r e  o f  t h e  c e l ls  a n d  th e i r  a n t ig e n s  
in v o lv e d  in  t h i s  d is o rd e r .  F u r t h e r  s tu d ie s  in v o lv in g  a  g r e a te r  
n u m b e r  o f  B u ll  T e r r ie r s  o f  d if f e re n t  a g e s  a n d  p e r io d ic a l  
in v e s t ig a t io n s  u s in g  im  m  u n o h i s  to  c h e m is t ry ,  f lo w  c y to m e try  a n d  
o th e r  t e c h n iq u e s  w ill b e  u s e f u l  to  g a in  a  b e t t e r  k n o w le d g e  o f  th e  
m e c h a n is m  o c c u r r in g  in  l e th a l  a c r o d e r m a t i t i s  im m u n o d e f ic ie n c y .
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CHAPTER 10. GENERAL DISCUSSION AND CONCLUSIONS
T h e  a im  o f  th e  w o rk  d e s c r ib e d  in  t h i s  th e s i s  w a s  to  e v a lu a te  th e  
a p p l ic a t io n  o f  m o n o c lo n a l  le u k o c y te  a n t ib o d ie s  to  th e  in v e s t ig a t io n  
o f  c a n i n e  ly m p h o -h is t io c y t ic  d is o r d e r s .
M o n o c lo n a l  a n t ib o d ie s ,  in  s tu d ie s  in  h u m a n  a n d  r o d e n ts ,  h a v e  
b e e n  u s e d  to  p h e n o ty p e  le u k o c y te s  fo r  a  n u m b e r  o f  y e a r s  [B a rc la y  
et a l ,  1 9 9 3 ] . S o m e  n e o p la s t ic  ly m p h o c y te s  i.e . S e z a ry  o r  L u tz n e r  
c e l ls  c a n  b e  e a s i ly  id e n tif ie d  b e c a u s e  o f  th e i r  fo ld e d  n u c l e a r  
m e m b r a n e ,  w h ile  n o r m a l  T- a n d  B - ly m p h o c y te s  c a n n o t  b e  
r e c o g n iz e d  b y  c o n v e n t io n a l  h is to lo g y  [H a s s m a n n  & W a c k e r ,  1 9 9 0 ]. 
M o re  r e c e n t ly ,  a  few  s tu d ie s  h a v e  b e e n  c a r r ie d  o u t  o n  th e  d o g  
u t i l iz in g  a n t i - h u m a n  o r  a n t i - m o u s e  a n t ib o d ie s  t h a t  c r o s s - r e a c t  
w i th  t h e  d o g  [C h a b a n n e  et al., 1 9 9 4 ; J o n e s  et al., 1 9 9 3 ; M o o re  et 
al., 1 9 9 2 ; G re e n le e  et a l,  1 9 8 7 ]. In  th e  l a s t  5  y e a r s  s o m e  a n t i ­
c a n in e  m o n o c lo n a l  a n t ib o d ie s  h a v e  b e e n  d e v e lo p e d  a n d  a s s ig n e d  to  
C lu s te r s  o f  D if f e re n t ia t io n  c o r r e s p o n d in g  to  th e  h u m a n  
c la s s i f ic a t io n  [C o b b o ld  & M etca lfe , 1 9 9 4 ].
A to t a l  o f  tw e n ty  tw o  le u k o c y te  a n t ib o d ie s ,  s e v e n te e n  a n t i - c a n in e  
a n d  five  a n t i - h u m a n ,  w e re  te s t e d  o n  c a n in e  t i s s u e s .  S e v e n  o f  th e  
a n t i - c a n i n e  m a r k e r s  w e re  c o n s id e r e d  u n s u i t a b l e  a n d  d is c a r d e d  
f ro m  f u r t h e r  s tu d ie s ,  th e  r e m a in in g  f if te e n  le u k o c y te  m o n o c lo n a l  
a n t ib o d ie s  c o n s t i t u t e d  P a n e l  1 a n d  P a n e l  2 .
In  n o r m a l  d o g  t i s s u e  (C h a p te r  3), P a n e l  1 a n t ib o d ie s  s h o w e d  s t r o n g  
s t a i n in g  o f  T- a n d  B -c e ll m a r k e r s  r e s p e c t iv e ly  in  th e  T- a n d  B -c e ll 
a r e a s  o f  t h e  ly m p h  n o d e  a n d  s p le e n .  R a th e r  s u r p r is in g ly ,  p o s it iv e  
s t a i n in g  w a s  o b ta in e d  w ith  T -ce ll m a r k e r s  (5 0 %  fo r  C D 3 , THY-1 
a n d  C D 4  a n d  < 1 0 %  fo r  C D 8 oc) in  th e  n o d a l  g e rm in a l  c e n t r e .
In  m a n ,  T -c e lls  h a v e  b e e n  d e s c r ib e d  in  th e  g e r m in a l  c e n t r e  o f  th e  
n o d a l  fo llic le s  w i th  th e  fu n c t io n  o f  c o l la b o ra t in g  w i th  B -c e lls .  T h e  
m a jo r i ty  o f  th e  c e lls  in  th e  g e rm in a l  c e n t r e  a r e  B -c e lls ,  b u t  s o m e  T- 
c e l ls  a r e  a ls o  p r e s e n t ,  t h e s e  T -c e lls  a r e  m a in ly  h e lp e r  T-
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ly m p h o c y te s ;  th e  C D 4 :C D 8  r a t io  i s  3 :1  [H en ry , 1 9 9 2 ]. B a rc la y
[1 9 8 2 ] r e p o r te d  t h a t  B -c e ll  p ro l i f e ra t io n  in  th e  fo llic le s  s e e m s  to  b e  
a lw a y s  a s s o c ia te d  w i th  th e  p r e s e n c e  o f  T -ce lls .
S c a t t e r e d  c e lls  p o s it iv e  fo r  C D 7 9 a  a n d  C D 7 9 b  w e re  d e te c te d  in  th e  
c o r te x  o f  th e  ly m p h  n o d e .  T h is  f in d in g  w a s  n o t  s u r p r i s in g  s in c e  i t  
h a s  b e e n  s t a t e d  t h a t  B -c e lls  m ig ra te  th r o u g h  th e  n o d a l  c o r te x  
d u r in g  tra f f ic k in g th r o u g h  H EV  a n d  th e re fo re  c a n  b e  f o u n d  
s c a t t e r e d  in  T -ce ll a r e a s  [B a rc lay , 1 9 8 2 ].
A n  a n t i - h u m a n  C D 6 8  a n t ib o d y ,  a s  n o  a n t i - c a n in e  C D 6 8  a n t ib o d ie s  
h a v e  y e t  b e e n  p r o d u c e d ,  w a s  in t r o d u c e d  in  t h i s  s t u d y  to  
c h a r a c te r i s e  s o m e  h is t io c y t ic  d e r m a to s e s .  T h e  r e s t r i c t io n  o f  c a n in e  
M H C -H  to  c iy o s t a t  s e c t io n s  r a i s e d  th e  n e c e s s i ty  o f  f in d in g  a  m a r k e r  
t h a t  w o rk e d  o n  p a r affin  s e c t io n s  to  b e  a p p lie d , in  c o n ju n c t io n  w ith  
M A C 3 8 7  a n d  ly so z y m e , to  c a s e s  s to r e d  in  th e  a r c h iv e s  o f  th e  
D e p a r tm e n t  o f  V e te r in a ry  P a th o lo g y . U n fo r tu n a te ly ,  th i s  a n t i - C D 6 8  
a n t ib o d y  p ro v e d  n o t  to  b e  a p p l ic a b le  to  c a n in e  t i s s u e  a n d  le f t  th e  
n e e d  fo r a n  a n t i -C D 6 8  a n t ib o d y  c r o s s - r e a c t in g  w i th  th e  d o g  a n d / o r  
a n  a n t i - c a n in e  C D 6 8  a n t ib o d y  to  b e  p r o d u c e d .  In  th e  d o g  a s  w e ll a s  
in  m a n ,  th e  u t i l iz a t io n  o f  a  p a n e l  o f  m o n o c y te /m a c r o p h a g e  
m a r k e r s  in c lu d in g  fo r  e x a m p le  M H C-H , C D 6 8 , CD  l a  a n d  C D  1 1 c  is  
e s s e n t i a l  fo r  a  c o m p le te  u n d e r s t a n d i n g  o f  c u t a n e o u s  h is t io c y to s is .  
V a r io u s  p ro b le m s  c a n  b e  e n c o u n te r e d  in  im m u n o h is to c h e m is t iy .  
F i r s t ly  is  th e  r e q u i r e m e n t  o f  f r e s h  f ro z e n  s a m p le s  fo r  p r e s e r v a t io n  
o f  s u r f a c e  a n t ig e n s .  A n ti- c a n in e  m o n o c lo n a l  a n t ib o d ie s  d i r e c te d  
a g a i n s t  s u p e r f ic ia l  e p i to p e s  o f  ceU s u r f a c e  a n t ig e n s  w o rk  o n ly  o n  
c r y o s ta t  s e c t io n s  b e c a u s e  th e  a n t ig e n ic  s t r u c t u r e  i s  d e s t r o y e d  b y  
t h e  p r o c e s s  o f  p a r a f f in  e m b e d d in g .  To p r o d u c e  g o o d  q u a l i ty  
s e c t io n s ,  th e  f r e s h  s a m p le s  n e e d  to  b e  f ro z e n  im m e d ia te ly  a f te r  
e x c is io n ; b u t  e v e n  if  f re e z in g  a n d  s to r a g e  o f  s a m p le s  is  c a r r i e d  o u t  
c o r re c t ly ,  c iy o s t a t  s e c t io n s  t e n d  to  p ro v id e  le s s  w eU  d e f in e d  
m o rp h o lo g y  a n d  ceU  b o u n d a r ie s  t h a n  p a r a f f in  w a x  s e c t io n s .  
S e c o n d ly , a l th o u g h  a n t ib o d ie s  d i r e c te d  a g a i n s t  c y to p la s m ic
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e p i to p e s  o f  ce ll m e m b r a n e  m o le c u le s  c a n  b e  u t i l i s e d  in  p a r a f f in  w a x  
e m b e d d e d  t i s s u e s ,  th e  s e c t io n s  r e q u ir e  m ic ro w a v in g  o r  o th e r  
t e c h n iq u e s  to  p e rm e a b il iz e  th e  c e ll m e m b r a n e s  a n d  e x p o s e  th e  
a n t ig e n  b in d in g  s i te s .  M ic ro w a v in g  c a n  c a u s e  d i s in te g r a t io n  o f 
t i s s u e s  s u c h  a s  s p le n ic  r e d  p u lp  a n d  in d u c e  lo s s  o f  e p id e rm is  a n d  
d i s r u p t i o n  o f  d e r m a l  t i s s u e s  in  c u t a n e o u s  s a m p le s  a n d  in  m o s t  
t i s s u e s  p o o r  m o rp h o lo g y  i s  n o te d .  B a c k g r o u n d  s ta in in g  c a n  b e  a  
s e r io u s  p ro b le m  in  b o th  c r y o s ta t  a n d  p a ra f f in  s e c t io n s  a n d  s o m e  
m a r k e r s  r e q u i r e d  s e v e ra l  r e p e t i t io n s  o f  th e  s ta in in g  b e fo re  g o o d  
q u a l i ty  c o u ld  b e  a c h ie v e d .
In  m ic ro w a v e d  a n d  c r y o s ta t  s e c t io n s ,  s t a in e d  w ith  a n t i - h u m a n  
le u k o c y te  a n t ib o d ie s ,  a  n o n s p e c if ic  s t a in  o f  m u s c le s ,  a d n e x a l  
g la n d s  a n d  e p i th e l iu m  w a s  p r e s e n t  in  a d d i t io n  to  b a c k g r o u n d  
s ta in in g .  I t w a s  a ls o  n o te d  t h a t  in  th e  o ld e r  s a m p le s  r e t r ie v e d  fro m  
t h e  a r c h iv e s  th e  sp e c if ic  s ta in in g  o f  ly m p h o c y te s  w a s  r a t h e r  w e a k . 
T h e s e  p ro b le m s  w e re  s o lv e d  in  p a r t  b y  p r e s s u r e  c o o k in g . In  th e  
b a t c h  o f  s l id e s , c h o s e n  a t  r a n d o m  fro m  h is t io c y tic  d e r m a to s e s  fo r 
p r e s s u r e  co o k in g , th e  n o n s p e c if ic  s ta in in g  o f  th e  e p i th e l iu m , 
m u s c l e s  a n d  a d n e x a l  g la n d s  w a s  s t i l l  p r e s e n t  b u t  t h e  ly m p h o id  
c e l ls  s h o w e d  a  m u c h  s t r o n g e r  s ta in in g  a n d  in  a d d i t io n  th e  
b a c k g r o u n d  s ta in in g  w a s  r e d u c e d  o r  a b s e n t .
R e c e n t  w o rk  [R a th k o lb  e t al., 1 9 9 5 ] a lso  d e m o n s t r a te d  t h a t  th e  
s to r a g e  o f  s a m p le s  is  v e ry  im p o r ta n t  fo r th e  p r e s e r v a t io n  o f  th e  
a n t ig e n s  in  th e  t i s s u e s .  P e r io d a te - ly s in e -p a ra fo rm a ld e h y d e  
d ic h r o m a te  (PLPD), o r  b u f fe re d  fo rm a l in  w ith  d ic h ro m a te ,  
c o m b in e d  w ith  a  lo w  te m p e r a tu r e  e m b e d d in g  p r o c e d u r e  in  lo w  
m e l t in g  p o in t  w a x  g u a r a n t e e  o p t im a l  p r e s e r v a t io n  o f  t h e  le u k o c y te  
a n t ig e n s  a s  w e ll a s  h is to lo g ic a l  s t r u c t u r e s .
A ll p a r a f f in  s a m p le s ,  m a in ly  re c e iv e d  fro m  p r a c t ic e s ,  in c lu d e d  in  
t h i s  th e s i s  h a d  b e e n  fix e d  in  1 0 %  N B F  fo r th e  e c o n o m y  a n d  e a s e  o f 
t r a n s p o r t  a n d  w e re  s u b s e q u e n t ly  e m b e d d e d  in  p a r a f f in . G iv e n  th e
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f in d in g s  o f  R a th k o lb  a n d  c o -w o rk e rs  [1 9 9 5 ], t h i s  m e th o d  p r o b a b ly  
c a u s e d  th e  lo s s  o f  s o m e  a n t ig e n s .
A n o th e r  d if f ic u lty  in  th i s  s tu d y  w a s  t h a t  th e  s l id e  r e a d in g  w a s  
b a s e d  o n  s u b je c t iv e  e v a lu a t io n  b y  th e  o p e r a to r ,  a n d  c o n s i s te n t  
r e s u l t s  c o u ld  o n ly  b e  a c h ie v e d  b y  r e a d in g  la rg e  n u m b e r s  o f  s l id e s  
in  b a t c h e s .  C o m p u te r  a s s i s t e d  im a g e  a n a ly s i s  t e c h n iq u e s  a n d  
c o u n t in g  o f  p o s it iv e  c e lls  o n  p h o to g r a p h  w e re  t r i e d  w i th o u t  s u c c e s s  
a s  t h e  m a jo r i ty  o f  t h e  s l id e s  e x a m in e d  h a d  a  h ig h  c e l lu la r i ty  a n d  
w i th  e i th e r  m e th o d  i t  w a s  im p o s s ib le  to  d i s t i n g u i s h  th e  p o s it iv e  
c e lls  f ro m  th e  n e g a t iv e  a n d  to  c o u n t  th e m  (C h a p te r  2).
P a n e l  2 a n t ib o d ie s  w e re  a p p l ie d  to  a  s e r ie s  o f  n o r m a l  b lo o d  
s a m p le s .  R e s u l t s  s h o w e d  t h a t  th e  m a jo r i ty  o f  th e  p e r ip h e r a l  b lo o d  
ly m p h o c y te s  in  th e  d o g  a r e  T - ly m p h o c y te s  w ith  tw ic e  a s  m a n y  
h e lp e r  T -c e lls  p r e s e n t  a s  s u p p r e s s o r .  S im i la r  p a t t e r n s  a r e  
d e s c r ib e d  in  th e  h u m a n  a n d  fe lin e  l i t e r a tu r e .
O n c e  th e  s t a in in g  p a t t e r n  in  im m u n o h is to lo g y  a n d  th e  r a n g e  o f 
n o r m a l  v a lu e s  in  f lo w  c y to m e try  w e re  e s ta b l i s h e d  fo r  e a c h  m a rk e r ,  
th e  tw o  p a n e l s  w e re  u t i l i s e d  in  th e  s tu d y  o f  n e o p la s t ic  a n d  
p a r a n e o p la s t i c  d i s o r d e r s  s u c h  a s  h is t io c y t ic  d e r m a to s i s  a n d  
ly m p h o m a ,  c h r o n ic  c u t a n e o u s  in f la m m a tio n  s u c h  a s  p y o d e rm a  
a n d  a n a l  f u r u n c u lo s i s  a n d  im m u n o d e f ic ie n c y  ( le th a l 
a c r o d e r m a t i t i s ) .
T h e  im p o r ta n c e  o f  classifying ly m p h o m a s  h a s  b e e n  w id e ly  
re c o g n iz e d  in  t h e  d o g  a s  w e ll a s  in  m a n .  T h e  u p d a t e d  K iel 
c la s s i f ic a t io n  [L e n n e r t  & F e lle r , 1 9 9 0 ] w a s  u s e d  to  c la s s ify  
ly m p h o m a  in  t h i s  s tu d y .  T h is  s c h e m e  w a s  a ls o  u s e d  in  o n e  s tu d y  
o n  fe lin e  ly m p h o m a  [C a lla n a n , 1 9 9 4 ]. A t te m p ts  a t  p h e n o ty p in g  
c a n in e  ly m p h o m a s  h a v e  a lso  b e e n  m a d e  r e c e n t ly  a n d  r e s u l t s  
c o m p a r e d  w ith  h u m a n  ly m p h o m a s .  F in d in g s  in  t h i s  s tu d y  (C h a p te r  
6 ) c o n f irm e d  t h a t  t h e  m a jo r i ty  o f  n o n - e p i th e l io t r o p ic  c u t a n e o u s  
ly m p h o m a s  a r e  o f  T -c e ll o r ig in  (C D 3+). A ll i n t r a e p i th e l i a l  c u t a n e o u s  
ly m p h o m a s  ( te rm e d  m y c o s is  f u n g o id e s  in  h u m a n  m e d ic in e )  w e re
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a ls o  C D 3  p o s itiv e . L o s s  o f  C D 5  a n d  C D 4 5 R A  a n t ig e n s  w a s  n o te d  in  
b o th  in t r a e p i th e l i a l  a n d  n o n - e p id e r m o tr o p ic  c u t a n e o u s  
ly m p h o m a s .  In  a d d i t io n  in  a l l  e p id e rm o tro p ic  c a s e s ,  a  r e d u c t io n  
w a s  n o te d  in  th e  n u m b e r  o f  TH Y -1+ c e lls  in f i l t r a t in g  th e  e p id e rm is  
a s  c o m p a r e d  to  th e  d e rm is .
T h e  r e s u l t s  o f  o n e  s tu d y  c a r r ie d  o u t  b y  F e r r e r  a n d  c o -w o rk e rs
[1 9 9 3 ] a n d  o n e  s tu d y  c a r r i e d  o u t  b y  D a y  [19 9 5 ] d e s c r ib e  th e  
m a jo r i ty  o f  n o n - e p i th e l io t r o p ic  ly m p h o m a  a s  C D 3  p o s itiv e . F e r r e r  
a n d  c o -w o rk e rs  [1 9 9 3 ] a ls o  n o te d  t h a t  a l l  c a n in e  e p id e rm o tro p ic  
c a s e s  w e re  p o s itiv e  fo r  C D 3 . M o o re  a n d  c o -w o rk e r s  [1 9 9 4 ], in  o n e  
s t u d y  o n  e p id e rm o tro p ic  c u t a n e o u s  ly m p h o m a  in  th e  d o g , a p p l ie d  
o th e r  m a r k e r s  in  a d d i t io n  to  C D 3 a n d  n o te d  lo s s  o f  C D 5 a n d  
C D 4 5 R A  a n t ig e n s  b y  th e  n e o p la s t ic  c e l ls  a n d  a ls o  t h a t  m o s t  o f  th e  
n e o p la s t ic  T -ce lls  w e re  C D 8 + [M oore et al., 1 9 9 4 ]. M o o re  a n d  c o ­
w o r k e r s  [1994 ], in  th e  s a m e  s tu d y ,  r e p o r te d  a ls o  a  d e c r e a s e  in  th e  
n u m b e r  o f  in f i l t r a t in g  c e lls  p o s it iv e  fo r  THY -1 in  th e  e p id e rm is  
c o m p a r e d  to  th e  d e rm is .
T h e  o n e  c a s e  o f  ly m p h o id  le u k a e m ia  in c lu d e d  in  th e  s tu d y  w a s  o f  B 
c e ll o r ig in  a n d  B -c e lls  w e re  in v o lv e d  in  o n e  th i r d  o f  th e  m u l t ic e n t r ic  
ly m p h o m a  c a s e s  e x a m in e d .
I m m u n o p h e n o ty p in g  o f  ly m p h o m a  is  a n  im p o r ta n t  d ia g n o s t ic  
f e a tu r e .  A s G re e n le e  a n d  c o -w o rk e r s  [1 9 9 0 ], s t a t e d  in  th e i r  re v ie w  
o f  ly m p h o m a  c la s s i f ic a t io n ,  T -ce ll ly m p h o m a s  in  g e n e r a l  h a v e  a  
s h o r t e r  r e m is s io n  a n d  s u rv iv a l  t im e  t h a n  B -c e ll ly m p h o m a  a n d  
f r e q u e n t ly  a ls o  t e n d  to  p r e s e n t  w i th  h y p e r c a lc e m ia .  T -ce ll 
ly m p h o m a s  a ls o  r e s p o n d  p o o r ly  to  c h e m o th e r a p y  [M acE w en ,
1 9 9 0 ]. E p id e rm o tro p ic  ly m p h o m a  u s u a l ly  h a s  a  m u c h  lo n g e r  
s u rv iv a l  t im e  t h a n  o th e r  fo rm s  o f  ly m p h o m a  [G o rm a n , 1 9 9 1 ; 
G o rm a n  & W h ite , 1 9 8 7 ].
T h e  a p p l ic a t io n  o f  m o n o c lo n a l  le u k o c y te  m a r k e r s  is  a ls o  u s e f u l  in  
th e  in v e s t ig a t io n  o f  im m u n o d e f ic ie n c y  d is o r d e r s .  L e th a l  
a c r o d e r m a t i t i s  w a s  d e s c r ib e d  b y  J e z y k  a n d  o th e r s  [1 9 8 6 ] a s  a  z in c
268
r e la te d  im m u n o d e f ic ie n c y  d is o rd e r .  W ith  c o n v e n t io n a l  h is to lo g y , a  
r e d u c t io n  o f  c e lls  in  th e  ly m p h o id  a r e a s  w a s  n o te d .  In  th i s  
im m u n o h is to lo g ic  s tu d y  (C h a p te r  9) i t  w a s  c le a r  t h a t  in  T - ly m p h o id  
a r e a s  th e r e  w a s  n o t  o n ly  lo s s  o f  c e lls  b u t  a ls o  a  d e p le t io n  o f 
a n t ig e n s ,  a n d  t h a t  in  B - ly m p h o id  a r e a s  th e  lo s s  o f  a n t ig e n s  w a s  
g r e a t e r  t h a n  th e  a c t u a l  d e p le t io n  o f  c e lls . In  c o n t r a s t ,  p e r ip h e r a l  
b lo o d  ly m p h o c y te s  w e re  m o s t ly  e x p r e s s in g  n o r m a l  p e r c e n ta g e s  o f  
B -c e ll  a n t ig e n s ,  w h ile  th e  p e r c e n ta g e s  o f  T -ce ll a n t ig e n s  w e re  
v a r ia b le .  T h is  f in d in g  s u g g e s t s  t h a t  th e  im p a i r m e n t  o f  t h e  im m u n e  
s y s te m  d ir e c t ly  a f fe c ts  th e  T -ce lls  a n d  t h a t  th e  in v o lv e m e n t o f  B - 
ly m p h o c y te s  in  th e  t i s s u e  is  p r o b a b ly  s e c o n d a ry .
L e s s  e a s i ly  in t e r p r e te d  a r e  th e  r e s u l t s  o n  a  m ix e d  c e ll p o p u la t io n  
s u c h  a s  th e  c u t a n e o u s  in f i l t r a te s  in  h is t io c y t ic  d e r m a to s e s ,  c h ro n ic  
d e r m a t i t i s ,  p y o d e r m a  o r  a n a l  f u r u n c u lo s i s .
A n u m b e r  o f  h is t io c y t ic  d e r m a to s e s  a r e  d e s c r ib e d  in  th e  dog . 
C u ta n e o u s  h is t io c y to m a  is  a  c o m m o n  b e n ig n  n e o p la s m  a ffe c tin g  
m a in ly  y o u n g  d o g s . A  v a r ie ty  o f  o th e r  h is t io c y t ic  d i s o r d e r s  h a v e  
a ls o  b e e n  re c o g n iz e d  in  th e  d o g  b u t  a r e  d e s c r ib e d  a s  r a r e .  
C u ta n e o u s  h is t io c y to s is ,  s y s te m ic  h is t io c y to s is ,  m a l ig n a n t  
h is t io c y to s is ,  ly m p h o m a to id  g r a n u lo m a to s i s  a n d  a  v a r ie ty  o f  s te r i le  
o r  id io p a th ic  g r a n u lo m a s  a r e  n o w  r e p o r te d  in  v e te r in a r y  te x tb o o o k s  
[Y ager & W ilc o c k , 1 9 9 4 ; G ro s s  et a l ,  1 9 9 2 ; M u lle r  et a l ,  1 9 8 9 ] b u t  
c la s s i f i c a t io n  in  th e  d o g  a s  w e ll a s  in  m a n  is  s t i l l  u n d e r  d is c u s s io n .  
F e w  im m u n o lo g ic a l  s tu d ie s  h a v e  b e e n  p u b l i s h e d  in  t h e  d o g  a n d  in  
th o s e  o n ly  a  s m a l l  n u m b e r  o f  m a r k e r s  w a s  a p p l ie d .  W ell k n o w n  
m o n o c y te /m a c r o p h a g e  m a r k e r s  s u c h  a s  ly so z y m e  a n d  a l p h a - 1 
a n t i t r y p s in  w e re  fo u n d  to  b e  p o s it iv e  in  ly m p h o m a to id  
g r a n u lo m a to s i s  [F itg e ra ld  et a l,  1 9 9 1 ; L e B la n c  et a l ,  1 9 9 0 ], 
m a l ig n a n t  h is t io c y to s is  [S h a ik e n  et a l,  1 9 9 1 ; M u lle r  e t a l ,  1 9 8 9 ; 
M o o re  e t a l,  1 9 8 6 ] a n d  s y s te m ic  h is t io c y to s is  [M oore, 1 9 8 4 ]. S 1 0 0  
p r o te in  w a s  a ls o  p r e s e n t  in  a  fe w  la rg e  c e lls  in  ly m p h o m a to id
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g r a n u lo m a to s i s  [L eB lan c  et al., 1 9 9 0 ] a n d  s y s te m ic  h is t io c y to s is  
[M oore, 1 9 8 4 ].
In  th i s  s tu d y ,  s a m p le s  f ro m  19 d o g s  w e re  c la s s i f ie d  in to  t h r e e  
d i s t i n c t  g r o u p s  o n  th e  b a s i s  o f  th e  h is to lo g ic a l  a n d  
im m u n o h is to lo g ic a l  a p p e a r a n c e  o f  th e  le s io n s .
M A C 387  a n d  ly so z y m e  s t a in e d  a  c o n s id e r a b le  n u m b e r  o f  
h is t io c y te s  w h ile  C D 3 , C D 5, C D 7 9 a  a n d  C D 7 9 b  s t a i n e d  a  v a r ia b le  
n u m b e r  o f  la rg e  ly m p h o id  c e lls  in  a d d i t io n  to  s m a l l  ly m p h o c y te s .  In  
m o s t  o f  th e  c a s e s  e x a m in e d , c la s s i f ie d  a s  g r a n u lo m a to u s  
in f la m m a tio n ,  ly m p h o m a to id  g r a n u lo m a to s i s  o r  h is t io c y to s is ,  t h e r e  
w a s  s t i l l  a  p r o p o r t io n  o f  la rg e  r o u n d  c e lls  t h a t  r e m a in e d  u n s t a i n e d  
a n d  th e re fo re  u n id e n t if ie d .  T h e  f a i lu r e  o f  C D 6 8  to  s t a i n  a n y  o f  th e  
c e ll p o p u la t io n  in  th e s e  c a s e s  w a s  d is a p p o in t in g .  D e s p i te  th e  
in a b i l i ty  to  id e n tify  a l l  th e  c e lls  p r e s e n t  in  th e  le s io n s ,  i t  w a s  c le a r  
t h a t  th e  th r e e  g r o u p s  w e re  s h o w in g  s u f f ic ie n t  d i s t i n c t  f e a tu r e s  to  
ju s t i f y  th e i r  c la s s i f ic a t io n .  T h e  a p p l ic a t io n  o f  a  g r e a t e r  n u m b e r  o f  
m o n o c y te /m a c r o p h a g e  m a r k e r s  i s  e s s e n t i a l  fo r  th e  s t u d y  a n d  
c o m p re h e n s io n  o f  th e s e  d is o rd e r s .
Tw o s tu d ie s  u ti l iz in g  im m u n o h is to lo g y  h a v e  b e e n  c a r r i e d  o u t  in  
p y o d e r m a  a n d  a n a l  f u r u n c u lo s i s  in  th e  d o g . D a y  [1 9 9 4 ] n o te d  t h a t  
th e  n u m b e r  o f  in f i l t r a t in g  T -ce lls  (CD 3+) in  d e e p  p y o d e r m a  in  
G e r m a n  S h e p h e r d  D o g s  w a s  m u c h  s m a l le r  t h a n  th e  n u m b e r  o f  
in f i l t r a t in g  B -c e lls , w h ile  in  o th e r  b r e e d s  th e  a m o u n t  o f  T- a n d  B - 
c e lls  c o n s t i tu t i n g  th e  in f i l t r a te  w a s  s im ila r .  C a s w e ll  a n d  c o -w o rk e r s  
[1 9 9 5 ], in  c a s e s  o f  fo ll ic u lit is  a n d  f u r u n c u lo s i s  d u e  to  d e m o d ic o s is ,  
f o u n d  t h a t  t h e  p e r ifo l l ic u la r  in f i l t r a te  w a s  m a in ly  p la s m a  c e l ls  w i th  
o n ly  1 0 %  o f  T -ce lls  (C D 3+), w h ile  T - ly m p h o c y te s  c o n s t i t u t e d  th e  
m a jo r i ty  o f  th e  c e lls  in f i l t r a t in g  th e  fo ll ic u la r  e p i th e l iu m . In  o n e  
s tu d y  o n  a n a l  f u r u n c u lo s i s ,  D a y  [1 9 9 3 ] s h o w e d  t h a t  th e  in f ilt r a t e  
w a s  c o m p o s e d  o f  a n  e q u a l  n u m b e r  o f  T- a n d  B -c e l ls  a n d  t h a t  th e  
ly m p h o id  fo llic le s  in  th e  d e rm is  w e re  c o m p o s e d  o f  a  m a n t l e  z o n e  
p o s it iv e  fo r  C D 3  w h ile  th e  c e n t r e  w a s  n e g a t iv e . T h e  a p p l ic a t io n  o f
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P a n e l  1 a n t ib o d ie s  to  t i s s u e  s a m p le s  o f  c h ro n ic  c u t a n e o u s  
in f l a m m a t io n  (C h a p te r  7) r e v e a le d  t h a t  th e  m a jo r i ty  o f  t h e  T -c e lls  
w e re  p o s itiv e  fo r  C D 8 a  a n d  th e re fo re  h a d  a  c y to to x ic  p h e n o ty p e .  
F lo w  c y to m e try  o n  b lo o d  s a m p le s  f ro m  th e  s a m e  c a s e s  s e e m e d  to  
c o n f i rm  a  predom inance o f C D 8 a +  ly m p h o c y te s  in  s o m e  c a s e s ,  
w i th  a n  in v e r te d  C D 4 :C D 8  ra t io ,  in  t h e  p e r ip h e r a l  b lo o d  p o p u la t io n  
a s  w e ll  a s  in  th e  t i s s u e .  T h e  findings in  a n a l  f u r u n c u lo s i s  (C h a p te r  
8 ) w e re  s imilar to  th o s e  d e s c r ib e d  b y  D a y  [1 9 9 3 ], w i th  fo llic le s  in  
t h e  d e r m is  b e in g  fo rm e d  b y  a  m a n t l e  z o n e  p o s it iv e  fo r  T -c e ll 
m a r k e r s  a n d  a  c e n t r e  p o s it iv e  fo r B -c e ll  m a r k e r s .  B lo o d  s a m p le s  
r e v e a le d  t h a t  C D 4 :C D 8  w a s  a l te r e d  in  a n a l  f u r u n c u lo s i s  a s  w e ll a s  
i n  p y o d e rm a .  T h e  r e a s o n s  fo r  t h i s  a l t e r a t io n  a r e  n o t  c le a r  a l th o u g h  
t h e  p r e s e n c e  o f  a c t iv a te d  C D 8 + ly m p h o c y te s  h a s  b e e n  d o c u m e n te d  
i n  s ta p h y lo c o c c a l  in f e c t io n s  [P a rk  e t al., 1 9 9 3 ] a n d  a s s o c ia t e d  w i th  
a n t ig e n  h y p o r e s p o n s iv e n e s s .  T h e  r e d u c t io n  in  a n t ig e n  
r e s p o n s iv e n e s s  p o s s ib ly  a c c o u n t s  fo r  t h e  s e v e r i ty  a n d  p e r s i s t e n c e  
o f  t h e  le s io n s  in  c a s e s  o f  s ta p h y lo c o c c a l  in fe c tio n .
I n  c o n c lu s io n ,  th e  i n t e r p r e ta t io n  o f  r e s u l t s  i s  h ig h ly  c o m p le x  w h e n  
d e a l in g  w ith  a  m ix e d  p o p u la t io n  w h e re  c e lls  w i th  d i f f e re n t  
p h e n o ty p e s  a r e  s tu d i e d  a t  th e  s a m e  t im e . T h e re fo re  u n l e s s  d e a l in g  
w i th  a  d e f in e d  s t r u c t u r e  i .e . a  ly m p h o id  fo llic le  in  a n a l  f u r u n c u lo s i s  
w h e r e  T- a n d  B -c e lls  a r e  o rg a n iz e d  in  tw o  d i s t i n c t  a r e a s ,  i t  i s  v e ry  
d if f ic u l t  to  c la s s i fy  th e  le s io n s  in to  p r e c i s e  c a te g o r ie s .  D e s p i te  
im m u n o s ta in in g  t h e  c la s s i f ic a t io n  o f  h is t io c y t ic  d e r m a to s e s  in  m a n  
a n d  in  th e  d o g  i s  s t i l l  d e b a ta b le ;  n o t  o n ly  a r e  th e s e  d i s e a s e s  v e ry  
s im i la r  h is to lo g ic a lly  b u t  in  m a n y  c a s e s  t h e  c e l ls  a ls o  h a v e  v e ry  
s im i la r  im m u n o p h e n o  ty p e s .
I n  c o n t r a s t ,  im m  u n o h is to c h e m is t r y  in  c o n ju n c t io n  w i th  
c o n v e n t io n a l  h is to lo g y  i s  o f  v a lu e  i n  t h e  s tu d y ,  c la s s i f ic a t io n  a n d  
p r o g n o s is  o f  n e o p la s t ic  o r  im m u n o d e f ic ie n c y  d i s o r d e r s  w h e r e  t h e  
c e ll  p o p u la t io n  is  m o n o m o r p h o u s .
271
A
pp
en
di
x 
1. 
Ty
pe
 
of 
m
ol
ec
ul
e 
an
d 
sp
ec
ifi
ci
ty
 
of 
m
on
oc
lo
ne
d 
le
uk
oc
yt
e 
an
tib
od
ie
s 
m
en
tio
ne
d 
th
ro
ug
ho
ut
 
th
is 
th
es
is
 
are
 
lis
te
d 
in 
th
e 
ta
bl
e 
be
lo
w
.
m u
u  E-1
CO.
<0
ox
272
CO 08
o  ^
CU CQ i~* Ui 0,
f l  Iy m X
<n ”c3
?r> •
o si
a, ff
a. «o« S
273
09to
OJA
3
o
9
8a,co
4)
3
V
o
S
3
&
P3
o  • -
1h  »-H
c ov
«  ^-t
-  §  
§  a09 T3
0 J
«3
"  ^  «4) (U CO
> > ^  o> 
2  co onO i—J *-•
<u
COXI3
CO
X I
a ,
otoOCfl
“ 3
>, CQ0 ^
§ S
1 I
4> J m
2 -d
° § a ®rA
a 5*to OM *Ha 3
a a 
a sX 190
.a
a
oto
a
O
O
J5>00
0 9  CO
U V
co cj CQ
v V 49 49
•d T3 T3 ■d
•d V •XI *3a a a a
<u 49 49 Va a a a
£> >p >p >p
o o o oa a a a
<u
•d•aa
ua
>p
oa
CO
o*09
a
n?5
o
5
CQ
o\
a>
3
£u
o
CQ
<uto
3
a
TJf-4
a
a
o
0
CQ
1vtoa
a
<u
o
CQ
VO 00 09 O toH to rH <N N
Q Q Q Q Q Q Q
U O U U U O U
«■
N
au
S! mco cr>O' O'
TJ co
co DQ CO »-*i
10 T3n y
< 5 CQ
in
u  in  
V Q
CQ O a* 2
4J
276
a. o
O T3
op 3
CQ §3 .9
277
R eferen ces
A c k e rm a n , A .B . ( 1 9 7 8 /  Histologic Diagnosis o f  Inflammatory Skin 
D iseases. A Method by Pattern Analysis, (p p . 1 -8 6 3 ) . P h i la d e lp h ia :  
L e a  86 F e b ig e r .
A g n a r s s o n ,  B .A . 85 K a d in , M .E . (1 9 8 8 ). K i-1  p o s it iv e  la rg e  ce ll 
ly m p h o m a . A m o rp h o lo g ic  a n d  im m u n o lo g ic  s tu d y  o f  19  c a s e s .  
American Journal o f  Surgical Pathology, 1 2 , 2 6 4 - 2 7 4 .
A h e a m , J .M . 85 F e a r o n ,  D .T . (1 9 8 9 ). S t r u c t u r e  a n d  f u n c t io n  o f  th e  
c o m p le m e n t  r e c e p to r s ,  C R 1 (C D 35) a n d  C R 2 (C D 21). Adv Immunol, 
4 6 ,  1 8 3 -2 1 9 .
A lb e r ts , B ., B ra y , B ., L ew is , J . ,  R aff, M ., R o b e r ts ,  K ., 86 W a ts o n ,  
J .D .  (1 9 8 3 ). Molecular Biology o f  the Cell. N ew  Y ork : G a r la n d  
P u b l is h in g  In c .
A llen , S .W . 85 D u n c a n ,  J .R .  (1 9 8 8 ). M a lig n a n t  f ib r o u s  h is t io c y to m a  
in  a  c a t .  Journal o f  the American Veterinary Medicine Association, 
1 9 2 ,  9 0 -9 1 .
A lliso n , J .P .  85 H a v ra n ,  W .L . (1 9 9 1 ). T h e  im m u n o b io lo g y  o f  T  c e lls  
w i th  i n v a r i a n t  g a m m a  d e l ta  a n t ig e n  r e c e p to r s .  Annu Rev Immunol, 
9, 6 7 9 - 7 0 5 .
A n g e le s  A n g e le s , A. 85 Z a m u d io  A g u ila r, M . (1 9 8 7 ). G r a n u lo m a to s is  
l im fo m a to id e  m a l ig n a  d e  c u r s o  a g u d o  e n  p u lm o n e s  y  p ie l, a s o c ia d a  
a  h ip e r p l a s ia  d e  m e d u la  o s e a . La Revista Investigativa Clirdca 
(Mexico), 3 9 ,  2 4 5 - 2 4 9 .
A ra i, E ., S u , W .P ., R o c h e , P .C ., 85 Li, C .Y. (1 9 9 3 ). C u ta n e o u s  
h is t io c y t ic  m a l ig n a n c y .  I m m u n o h is to c h e m ic a l  r e - e x a m in a t io n  o f  
c a s e s  p re v io u s ly  d ia g n o s e d  a s  c u t a n e o u s  " h is tio c y tic  ly m p h o m a "
278
a n d  " m a l ig n a n t  h is t io c y to s is " .  Journal o f Cutaneous Pathology, 2 0 ,  
1 1 5 -1 2 0 .
A rm ita g e , J .O .,  G re e r , J .P . ,  L ev ine , A .M ., W e is e n b u rg e r ,  D .D ., 
F o rm e n t i ,  S .C ., B a s t ,  M ., C o n ley , S ., P ie r s o n ,  J . ,  L in d e r , J . ,  
C o u r s a r ,  J .B . ,  & N a th w a n i ,  B .N . (1 9 8 9 ). P e r ip h e r a l  T -ce ll
ly m p h o m a .  Cancer, 6 3 ,  1 5 8 -1 6 3 .
A m a o u t ,  M .A. (1 9 9 0 ). L e u k o c y te  a d h e s io n  m o le c u le s  d e f ic ie n c y : i t s  
s t r u c t u r a l  b a s is ,  p a th o p h y s io lo g y  a n d  im p l ic a t io n s  fo r  m o d u la t in g  
t h e  in f la m m a to ry  r e s p o n s e .  Immunol Rev, 1 1 4 ,  1 4 5 -1 8 0 .
B a c h a ,  W .J .J .  & W o o d , L.M . (1 9 9 0 ). Color Atlas o f  Veterinary 
Histology, (pp . 1 -2 6 9 ). P h ila d e lp h ia -L o n d o n : L e a  a n d  F e b ig e r .
B a e le ,  M . K. & B o lo n  B . (1 9 9 2 ). C a n in e  c u t a n e o u s  ly m p h o s a rc o m a :  
E p i th e l io tro p ic  a n d  n o n -e p i th e l io tro p ic ,  a  r e t ro s p e c t iv e  s tu d y .  In  
P .J .  Ih rk e ,  I.S . M a s o n  & S .D . W h ite . Advances in Veterinary 
Dermatology. Proceedings o f  the Second World Congress o f  
Veterinary Dermatology. M o n tre a l ,  C a n a d a .  V o lu m e  2 . (p p . 2 7 3 -  
2 8 4 ) .  O x fo rd : P e rg a m o n  P r e s s .
B a k e r ,  J .L .  & S c o tt ,  D .W . (1 9 8 9 ). M y c o s is  fu n g o id e s  in  tw o  c a t s .
Journal o f  the American Animal Hospital Association, 2 5 ,  9 7 -1 0 1 .
B a lk ,  S .P ., E b e r t ,  E .C ., B lu m e n th a l ,  R .L ., M c D e rm o tt ,  F .V ., 
W u c h e rp fe n n ig ,  K .W ., L a n d a u ,  S .B ., & B lu m b e rg ,  R .S . (1 9 9 1 ). 
O lig o c lo n a l e x p a n s io n  a n d  C D 1 r e c o g n i t io n  b y  h u m a n  in t e s t i n a l  
i n t r a e p i th e l i a l  ly m p h o c y te s .  Science, 2 5 3 ,  1 4 1 1 -1 4 1 5 .
B a n e i je e ,  S .S .,  H a r r is ,  M ., E y d e n , B .P ., R a d fo rd , J .A ., H a r r is o n ,
C .J . ,  & M a in w a r in g , A .R . (1 9 9 1 ). M o n o c y to id  B  c e ll ly m p h o m a . J  
Clin Pathol, 4 4 ,  3 9 -4 4 .
B a n c ro f t ,  J .D .  & S te v e n s ,  A. (1 9 8 2 ). Theory and Practice o f  
Histological Techniques. E d in b u rg :  C h u r c h ill L iv in g s to n e .
279
B a rc la y , A .N. (1 9 8 2 ). T h e  o rg a n iz a t io n  o f  B a n d  T ly m p h o c y te s  in  
ly m p h  n o d e . Immunology Today, 3 ,  3 3 0 -3 3 1 .
B a rc la y , A .N ., B irk e la n d ,  M .L ., & B ro w n , M .H . (1 9 9 3 ). Tfw 
Leukocyte Antigen Factsbook. L o n d o n : A c a d e m ic  P r e s s .
B a t t ,  R .M ., B a r n e s ,  A ., R u tg e r s ,  H .C ., 8& C a r te r ,  S .D . (1 9 9 1 ). 
R e la tiv e  IgA d e f ic ie n c y  a n d  s m a l l  i n t e s t in a l  b a c t e r i a l  o v e rg ro w th  in  
G e r m a n  S h e p h e r d  D og . Research in Veterinary Science, 5 0 ,  1 0 6 - 
1 1 1 .
B a t t ,  R .M ., N e e d h a m , J .R . ,  & C a r te r ,  M .W . (1 9 8 3 ). B a c te r ia l  
o v e rg ro w th  a s s o c ia te d  w i th  a  n a t u r a l ly  o c c u r in g  e n t e r o p a th y  in  th e  
G e r m a n  S h e p h e r d  D og . Research in Veterinary Science, 3 5 ,  4 2 -4 6 .
B e n d e r ,  W .M . & M u lle r , G .H . (1 9 8 9 ). M u ltip le  re s o lv in g , c u t a n e o u s  
h is t io c y to m a  in  a  do g . Journal o f the American Veterinary Medicine 
Association, 1 0 4  (4), 5 3 5 -5 3 7 .
B e rg e r ,  C .L ., E is e n b e rg , A ., S o p e r , L ., C h o w , J . ,  S im o n e , J . ,  G a p a s ,  
Y., C a c c ia p a g lia ,  B ., B e n n e t t ,  L ., E d e ls o n , R .L ., W a r b u r to n ,  D ., & e t  
a l  (1 9 8 8 ). D u a l  g e n o ty p e  in  c u t a n e o u s  T c e ll ly m p h o m a : 
im m u n o g lo b u l in  g e n e  r e a r r a n g e m e n t  in  c lo n a l  T  c e ll m a lig n a n c y .  
Journal o f Investigative Dermatology, 9 0 ,  7 3 -7 7 .
B e r g s t r e s s e r ,  P .R ., T ig e la a r , R .E ., D o e s , J .H . ,  85 S tr e i le in ,  J .W .
(1 9 8 3 ) . T hy-1  a n t ig e n - b e a r in g  d e n d r i t ic  c e l ls  p o p u la te  m u r in e  
e p id e rm is .  J  Invest Dermatol, 8 1 ,  2 8 6 -2 8 8 .
B e r n a r d ,  A., B o u m s e l l ,  L ., D o u s s e t ,  J . ,  M ils te in , C. & 
S c h lo s s m a n n ,  S .F . (1 9 8 4 ). Leukocyte Typing. B e r l in :  S p r in g e r -  
V e rla g .
Berry, C .R ., Moore, P.F., Thom as, W.P., S isson, D., 85 Koblik, P.D. 
(1 9 9 0 ). Pulm onary lym phom atoid g ranu lom atosis  in  seven dogs 
(1 9 7 6 -1 9 8 7 ) .  Journal o f  Veterinary Internal Medicine, 4 ,  1 5 7 -1 6 6 .
280
B e r t i ,  E ., G ia n o tti ,  R ., & A less i, E . (1 9 8 8 ). U n u s u a l  c u t a n e o u s  
h is t io c y to s is  e x p r e s s in g  a n  in t e r m e d ia te  im m u n o p h e n o ty p e  
b e tw e e n  L a n g e r h a n s ' c e l ls  a n d  d e r m a l  m a c r o p h a g e s .  Archives o f  
Dermatology, 1 2 4 ,  1 2 5 0 -1 2 5 3 .
B e v e rly , P .C .L . (1 9 9 2 ). T -ce lls . In  J .O .  M cG ee , P .G . I s a a c s o n ,  & N.A. 
W r ig h t  (E d s.), Oxford Textbook o f  Pathology, (p p . 2 2 8 -2 3 6 ) .  O x fo rd : 
O x fo rd  U n iv e rs i ty  P re s s .
B e y e rs ,  A .D ., B a rc la y , A .N ., L aw , D .A ., H e, Q ., & W illia m s , A .F .
(1 9 8 9 ) . A c tiv a tio n  o f  T ly m p h o c y te s  v ia  m o n o c lo n a l  a n t ib o d ie s  
a g a i n s t  r a t  c e ll s u r f a c e  a n t ig e n s  w i th  p a r t i c u l a r  r e f e r e n c e  to  C D 2 
a n t ig e n .  Immunol Rev, 1 1 1 ,  5 9 -7 7 .
B ie re r ,  B .E . 8& B u ra k o ff ,  S .J .  (1 9 8 9 ). T - ly m p h o c y te  a c t iv a t io n :  th e  
b io lo g y  a n d  fu n c t io n  o f  C D 2 a n d  C D 4 . Immunol Rev, 1 1 1 ,  2 6 7 - 2 9 4 .
B in d e r ,  S .W ., S a id , J .W ., S h i ta k u ,  P. & P in k u s ,  G .S . (1 9 9 2 ) . A 
h is t io c y te -s p e c if ic  m a r k e r  in  th e  d ia g n o s i s  o f  m a l ig n a n t  f ib ro u s  
h is t io c y to m a . U se  o f  m o n o c lo n a l  a n t ib o d y  K P-1  (C D 6 8 ). American 
Journal o f  Clinical Pathology, 9 7 ,  7 5 9 - 7 6 3 .
B irk e b a k ,  T.A., P a lm e r ,  G .H ., D a v is , W .C ., 85 M c E lw a in , T .F . (1 9 9 4 ). 
Q u a n t i ta t iv e  c h a r a c te r i z a t io n  o f  th e  C D 5  b e a r in g  ly m p h o c y te  
p o p u la t io n  in  th e  p e r ip h e r a l  b lo o d  o f  n o r m a l  s h e e p .  Veterinary 
Immunology and Immunopathology, 4 1 ,  1 8 1 -1 8 6 .
B o d e w a d t,  S ., W a c k e r ,  H .-H ., R a d z u n ,  H .J . ,  & P a r w a r e s c h ,  M .R .
(1 9 9 0 ). P h e n o ty p ic  c h a r a c te r i z a t i o n  o f  m a c r o p h a g e s  in  n o n ­
n e o p la s t ic  ly m p h  n o d e s .  In  E . G r u n d m a n n  8& E . V o llm e r  (E d s.), 
Reaction Patterns o f  the Lymph Node. (pp . 2 4 7 -2 6 4 ) .  B e r lin : 
S p r in g e r -V e r la g .
281
B o n n e r ,  W .A ., H u lle t t ,  H .R ., S w e e t, R .G ., & H e rz e n b e rg , L.A. 
(1 9 7 2 ) . F lu o r e s c e n c e  a c t iv a te d  c e ll s o r t in g .  Rev Sci Instr, 4 3 ,  4 0 4 -  
4 0 9 .
B r a d b u r y ,  A ., B e lt, K .T., N eri, T .M ., M ils te in , C ., & C a la b i,  F. 
(1 9 8 8 ) . M o u se  C D 1 is  d i s t in c t  f ro m  a n d  c o -e x is ts  w i th  TL in  th e  
s a m e  th y m u s .  EMBO J, 7 , 3 0 8 1 - 3 0 8 6 .
B r a in ,  P .H . 8s H o w ie tt, C .R . (1 9 9 1 ). Tw o c a s e s  o f  e p id e rm o tro p ic  
ly m p h o m a  in  d o g s . Aust V etJ , 6 8 ,  2 4 7 - 2 4 8 .
B r o a d b e n t ,  V ., E g e le r , R .M ., & N e s b it ,  M .E . (1 9 9 4 ). L a n g e r h a n s  c e ll 
h is t io c y to s is - - c l in ic a l  a n d  e p id e m io lo g ic a l a s p e c t s .  British Journal 
o f  Cancer Supplement, 2 3 ,  S I  1 -6 .
B u m s ,  M .K ., K e n n a rd ,  C .D ., & D u b in ,  H .V . (1 9 9 1 ). N o d u la r  
c u t a n e o u s  B -c e ll  ly m p h o m a  o f  th e  s c a lp  in  t h e  a c q u i r e d  
im m u n o d e f ic ie n c y  s y n d ro m e . Journal o f the American Academ y o f  
Dermatology, 2 5 ,  9 3 3 -9 3 6 .
B u r r e l l s ,  C. & S u th e r l a n d ,  A .D . (1 9 9 4 ). P h e n o ty p ic  a n a ly s i s  o f 
ly m p h o c y te s  o b ta in e d  b y  b ro n c h o a lv e o la r  la v a g e  o f  n o r m a l  s h e e p .  
Veterinary Immunology and Immunopathology, 4 0 ,  8 5 -9 0 .
C a b a n e ,  J . ,  G o d e a u ,  P ., C h o m e tte ,  G ., A u rio l, M ., S z p irg la s s ,  H ., 85 
R a p h a e l ,  M. (1 9 9 0 ). B u c c a l  ly m p h o m a to id  g r a n u lo m a to s i s . Rev 
Med Interne, 1 1 , 6 9 -7 2 .
C a ld e rw o o d -M a y s , M .B . 85 B e rg e ro n , J .A . (1 9 8 6 ). C u ta n e o u s  
h is t io c y to s is  in  d o g s . Journal o f  the American Veterinary Medicine 
Association, 1 8 8 ,  N o .4 , 3 7 7 -3 8 1 .
C a l la n a n ,  J . J .  (1 9 9 4 ). P h D  T h e s is .  Studies on the Pathogenesis o f  
Feline Immunodeficiency Virus Infection. U n iv e rs i ty  o f  G la s g o w  
V e te r in a r y  S c h o o l.
282
C a m is a ,  C. (1 9 8 9 ). L y m p h o m a to id  g r a n u lo m a to s is :  tw o  c a s e s  w ith  
s k in  in v o lv e m e n t. Journal o f the American Academ y o f Dermatology, 
2 0 ,  5 7 1 -5 7 8 .
C a m p b e ll ,  A .M . (1 9 9 2 ) . M o n o c lo n a l A n tib o d ie s .  In  I.M . R o it t  & P .J .  
D e lv e s  (E ds.), Enclycopedia o f  Immunology, (p p . 1 0 8 7 -1 0 9 1 ) .  
L o n d o n : A c a d e m ic  P r e s s .
C a rb o n e ,  A ., P in to , A ., G lo g h in i, A ., V o lp e , R ., & Z a g o n e l, V . (1 9 9 2 ). 
B -z o n e  s m a l l  ly m p h o c y tic  ly m p h o m a : a  m o rp h o lo g ic ,
im m u n o p h e n o ty p ic ,  a n d  c l in ic a l  s t u d y  w ith  c o m p a r is o n  to  "w ell- 
d if fe re n tia te d "  ly m p h o c y tic  d is o r d e r s .  Human Pathology, 2 3 ,  4 3 8 -  
4 4 8 .
C a r ls o n ,  K .C . & G ib s o n , L .E . (1 9 9 1 ). C u ta n e o u s  s ig n s  o f  
ly m p h o m a to id  g r a n u lo m a to s i s .  Archives o f  Dermatology, 1 2 7 , 
1 6 9 3 -1 6 9 8 .
C a r p e n te r ,  J .L .,  T h o rn to n ,  G .W ., M o o re , F .M ., & K ing , N .W .J .
(1 9 8 7 ). I d io p a th ic  p e r ia d n e x a l  m u l t in o d u la r  g r a n u lo m a to u s  
d e r m a t i t i s  in  tw e n ty - tw o  d o g s . Veterinary Pathology, 2 4 ,  5 -1 0 .
C a r te r ,  R .F ., H a r r is ,  C .K ., W ith ro w , S .J . ,  V alli, V .E .O ., & S u s a n e c k ,  
S .J .  (1 9 8 7 ). C h e m o th e r a p y  o f  c a n in e  ly m p h o m a  w ith  
h is to p a th o lo g ic a l  c o r r e la t io n :  d o x o ru b ic in  a lo n e  c o m p a r e d  to  C O P 
a s  f i r s t  t r e a tm e n t  r e g im e n . Journal o f American Animal Hospital 
Association, 2 3 ,  5 8 7 - 5 9 6 .
C a s a l i ,  P . & N o tk in s ,  A .L. (1 9 8 9 ). C D 5+  B  ly m p h o c y te s ,  
p o ly re a c tiv e  a n t ib o d ie s  a n d  th e  h u m a n  B -c e ll r e p e r to i r e .  Immunol 
Today, 1 0 , 3 6 4 -3 6 8 .
C a s te n h o lz ,  A. (1 9 9 0 ). A r c h i te c tu r e  o f  th e  ly m p h  n o d e  w ith  r e g a r d  
to  i t s  fu c t io n .  In  E . G r u n d m a n n  & E . V o llm e r (E d s .) , Reaction 
Patterns o f  the Lymph Node. (p p . 1 -3 2 ). B e r l in : S p r ig e r -V e r la g .
283
C a sw e ll ,  J .F . ,  Y ag e r, J .A .,  F e r re r ,  L ., & W eir, J .A .M . (1 9 9 5 ). C a n in e  
D e m o d ic o s is :  A  R e - e x a m in a t io n  o f  th e  H is to p a th o lo g ic  L e s io n s  a n d  
D e s c r ip t io n  o f  t h e  Im m u n o p h e n o ty p e  o f  I n f i l t r a t in g  C e lls . 
Veterinary Dermatology, 6 ,  9 -1 9 .
C e rio , R . & B la c k , M .M . (1 9 9 0 ). R e g re s s in g  a ty p ic a l  h is t io c y to s is  
a n d  ly m p h o m a to id  p a p u lo s i s :  v a r i a n t s  o f  th e  s a m e  d is o rd e r?  
British Journal o f  Dermatology, 1 2 3 ,  5 1 5 -5 2 1 .
C h a b a n n e ,  L., M a rc h a l ,  T ., K a p la n s k i ,  C ., F o u m e l ,  C ., M ag n o l, 
J .P . ,  M o n ie r , J .C . ,  & R ig a l, D . (1 9 9 4 ). S c re e n in g  o f  7 8  m o n o c lo n a l  
a n t ib o d ie s  d i r e c te d  a g a i n s t  h u m a n  le u k o c y te  a n t ig e n s  fo r  c r o s s ­
r e a c t iv i ty  w i th  s u r f a c e  m a r k e r s  o n  c a n in e  ly m p h o c y te s .  Tissue 
A ntigens, 4 3 ,  2 0 2 - 2 0 5 .
C h e n g , A .L ., C h e n ,  Y .C ., W a n g , C .H ., S u ,  I .J . ,  H s ie h , H .C ., C h a n g , 
J .Y ., H w a n g , W .S ., S u ,  W .C ., L iu , T .W ., T ien , H .F ., T sa i, W ., S h e n ,  
M .C ., & L iu , C .H . (1 9 8 9 ). D ire c t  c o m p a r is o n  o f  p e r ip h e r a l  T -ce ll 
ly m p h o m a  w ith  d if fu s e  B -c e ll  ly m p h o m a  o f  c o m p a r a b le  h is to lo g ic a l  
g r a d e s -  S h o u ld  p e r ip h e r a l  T -ce ll ly m p h o m a  b e  c o n s id e re d  
s e p a r a t e ly ?  Journal o f  Clinical Oncology, 7 (6 ) , 7 2 5 - 7 3 1 .
C h e m o ff ,  W .G ., L a m p e , H .B ., C ra m e r ,  H ., & B a n e i je e ,  D . (1 9 9 2 ). 
T h e  p o te n t i a l  c l in ic a l  im p a c t  o f  th e  f in e  n e e d le  a s p i r a t io n / f lo w  
c y to m e tr ic  d ia g n o s is  o f  m a l ig n a n t  ly m p h o m a . J  Otolaryngol, 2 1  
S u p p l  1, 1 -1 5 .
C h u ,  T ., D ’A ng io , G .J . ,  F a v a ra ,  B ., L a d is h , S ., N e s b it ,  M . & 
P r i tc h a r d ,  J .  (W ritin g  G ro u p  o f  th e  H is tio c y te  S o c ie ty ) . (1 9 8 7 ). 
H is t io c y to s is  s y n d r o m e  in  c h i ld r e n .  Lancet, 1 , 2 0 8 - 2 0 9 .
C h u ,  T. & J a f fe ,  R . (1 9 9 4 ). T h e  n o r m a l  L a n g e r h a n s  c e ll a n d  th e  
L C H  ce ll. British Journal o f  Cancer, 7 0 ,  S 4 -S 1 0 .
284
C legg , M .S ., K een , C .L . & H u rle y , L .S . (1 9 8 9 ). B io c h e m ic a l  
p a th o lo g ie s  o f  z in c  d e f ic ie n c y . In  C .F . M ills  (E d s .) . Zinc in Human 
Biology, (pp . 1 33 ). B e r l in : S p r in g e r -V e r la g .
C o b b o ld , S . & M e tc a lfe , S . (1 9 9 4 ). M o n o c lo n a l a n t ib o d ie s  t h a t  
d e f in e  c a n in e  h o m o lo g u e s  o f  h u m a n  CD  a n t ig e n s :  S u m m a r y  o f th e  
F i r s t  I n te r n a t io n a l  C a n in e  L e u k o c y te  A n tig e n  W o rk s h o p  (CLAW). 
Tissue Antigens, 4 3 ,  1 3 7 -1 5 4 .
C o c k e re ll,  C .J .  & S te t le r ,  L .D . (1 9 9 1 ). A c c u ra c y  in  d ia g n o s is  o f 
ly m p h o m a to id  p a p u lo s i s .  American Journal o f  Dermatopathology, 
1 3 , 2 0 -2 5 .
C u ll in , C .F . A. (1 9 7 4 ). Handbook o f  Histopathological and 
Histochemical Techniques, (pp . 3 9 7 ) . L o n d o n : B u t t e r w o r th s .
D a v is , M .M . (1 9 9 0 ). T  c e ll r e c e p to r  g e n e  d iv e rs i ty  a n d  s e le c tio n . 
Annu Rev Biochem, 5 9 ,  4 7 5 -4 9 6 .
D a v is , M .M . & C h ie n ,  Y .H . (1 9 9 3 ). T o p o lo g y  a n d  A ffin ity  o f  T -ce ll 
R e c e p to r  M e d ia te d  R e c o g n itio n  o f  P e p tid e -M H C  C o m p le x e s . Current 
Opinion in Immunology, 5 , 4 5 -4 9 .
D ay , M .J .  (1 9 9 4 ). A n  im m u n o p a th o lo g ic a l  s t u d y  o f  d e e p  p y o d e rm a  
in  th e  d o g . R esearch in  Veterinary Science, 5 6 ,  1 8 -2 3 .
D ay , M .J . (1 9 9 5 ). I m m u n o p h e n o ty p ic  c h a r a c te r i z a t io n  o f  c u t a n e o u s  
ly m p h o id  n e o p la s i a  in  th e  d o g  a n d  c a t .  Journal o f  Comparative 
Pathology, 1 1 2 ,  7 9 - 9 6 .
D ay , M .J .  (1 9 9 3 a ) . C a n in e  a n a l  f u r u n c u lo s i s -  a  d e rm a to lo g ic a l  
d is e a s e ?  Veterinary Dermatology Newsletter, 1 5 , 2 4 .
D ay , M .J .  (1 9 9 3 b ) . T h e  im m u n o p a th o lo g y  o f  a n a l  f u r u n c u lo s i s  in  
th e  d o g . Journal o f  Small Animal Practice, 3 4 ,  3 8 1 - 3 8 9 .
285
D a y , M .J .  & P e n h a le ,  W .J .  (1 9 8 8 ). S e r u m  im m u n o g lo b u l in  A 
c o n c e n t r a t i o n s  in  n o r m a l  a n d  d i s e a s e d  d o g s . Research in 
Veterinary Science, 4 5 ,  3 6 0 -3 6 3 .
D a y , M .J .  & P e n h a le ,  W .J .  (1 9 9 1 ). A n  im m u n o h is to c h e m ic a l  s tu d y  
o f  c a n in e  d i s s e m in a te d  a s p e rg i l lo s is .  Australian Veterinary Journal, 
6 8 ,  3 8 3 - 3 8 6 .
D a y , M .J .  & W e a v e r , M .Q . (1 9 9 2 ). P a th o lo g y  o f  s u rg ic a l ly  r e s e c te d  
t i s s u e  f ro m  3 0 5  c a s e s  o f  a n a l  f u r u n c u lo s i s  in  th e  d o g . Journal o f  
Small Animal Practice, 3 3 ,  5 8 3 -5 8 9 .
D e B o e r , D .J . ,  T u r re l ,  J .M .,  & M o o re , P .F . (1 9 9 0 ). M y c o s is  fu n g o id e s  
i n  a  d o g : D e m o n s t r a t io n  o f  T -ce ll s p e c if ic ity  a n d  r e s p o n s e  to  
r a d io th e r a p y .  Journal o f  the American Animal Hospital Association, 
2 6 ,  5 6 6 - 5 7 2 .
D eeg , H .J . ,  L a d ig e s , W .C ., A p rile , J . ,  S c h u e n in g ,  F ., R aff, R .F ., & 
S to rb ,  R . (1 9 8 7 ). M o n o c lo n a l a n t ib o d ie s  to  c a n in e  d i f f e r e n t ia t io n  
a n t ig e n s .  Meth and Find Exptl Clin Pharmacol, 9 ,  7 4 9 - 7 5 3 .
d e  G ra a f ,  J .H . ,  T a m m in g a , R .Y ., K a m p s , W .A ., & T im e n s , W .
(1 9 9 4 ). L a n g e r h a n s ' c e ll h is t io c y to s is :  e x p r e s s io n  o f  le u k o c y te  
c e l lu la r  a d h e s io n  m o le c u le s  s u g g e s t s  a b n o r m a l  h o m in g  a n d  
d if f e r e n t ia t io n .  American Journal o f  Pathology, 1 4 4 ,  4 6 6 - 4 7 2 .
D e la b ie ,  J . ,  V a n d e n b e r g h e ,  E ., K e n n e s ,  C ., V e rh o e f , G ., F o s c h in i ,  
M .P ., S tu l ,  M ., C a s s im a n ,  J . J . ,  & D e  W o lf P e e te r s ,  C . (1 9 9 2 ). 
H is t io c y te - r ic h  B -c e l l  ly m p h o m a . A  d i s t i n c t  c l in ic o p a th o lo g ic  e n t i ty  
p o s s ib ly  r e la te d  to  ly m p h o c y te  p r e d o m in a n t  H o d g k in 's  d is e a s e ,  
p a r a g r a n u l o m a  s u b ty p e .  American Journal o f  Surgical Pathology, 
1 6 , 3 7 - 4 8 .
D e l P re te ,  G ., M agg i, E ., & R o m a g n a n i ,  S . (1 9 9 4 ). B io lo g y  o f  
d is e a s e .  H u m a n  T h l  a n d  T h 2  c e lls : f u n c t io n a l  p r o p e r t ie s ,
286
m e c h a n i s m s  o f  r e g u la t io n ,  a n d  ro le  in  d is e a s e .  Laboratory 
Investigation, 7 0 ,  2 9 9 -3 0 6 .
D e tm a r ,  M ., P a u li ,  G ., A n a g n o s to p o u lo s ,  I., W u n d e r l ic h ,  U ., H e rb s t ,  
H ., G a rb e , C ., S te in ,  H ., & O rfa n o s , C .E . (1 9 9 1 ). A  c a s e  o f  c l a s s ic a l  
m y c o s is  fu n g o id e s  a s s o c ia te d  w i th  h u m a n  T -ce ll ly m p h o tro p ic  
v i r u s  ty p e  I. British Journal o f Dermatology, 1 2 4 ,  1 9 8 -2 0 2 .
D m itro v s k y , E ., M a tth e w s , M .J .,  B u n n ,  P .A ., S c h e c h te r ,  G .P ., 
M a k u c h ,  R .W ., W in k le r , C .F ., E d d y , J . ,  S a u s v il le ,  E .A ., & Ih d e ,
D .C . (1 9 8 7 ). C y to lo g ic  t r a n s f o r m a t io n  in  c u t a n e o u s  T ce ll 
ly m p h o m a : a  c l in ic o p a th o lo g ic  e n t i ty  a s s o c ia t e d  w ith  p o o r
p r o g n o s is .  J  Clin Oncol, 5 , 2 0 8 -2 1 5 .
D o d d s ,  W .J . (1 9 8 9 ). H e m o s ta s is .  In  J . J .  K a n e k o  (E d.), Clinical 
Biochemistry o f Domestic Animals, (pp . 2 7 4 -3 1 5 ) .  S a n  D iego: 
A c a d e m ic  P re s s .
D o e , R ., Z a c k h e im , H .S ., & H ill, J .R .  (1 9 8 8 ). C a n in e  e p id e rm o tro p ic  
c u t a n e o u s  ly m p h o m a . American Journal o f Dermatopathology, 1 0 , 
8 0 - 8 6 .
D o v e re n , R .F .C ., B u u r m a n ,  W .A ., S c h u t t e ,  B ., G ro e n e w e g e n , G ., 
vein  d e r  L in d e n , C .J .  (1 9 8 5 ). C la s s  II a n t ig e n s  o n  c a n in e  T 
ly m p h o c y te s .  Tissue Antigens, 2 5 ,  2 5 5 -2 6 5 .
D o v e re n , R .F .C ., v a n  d e r  L in d e n , C .J . ,  S p r o n k e n ,  E .E .M ., 
G ro e n e w e g e n , G ., & B u u r m a n ,  W .A . (1 9 8 6 ). C a n in e  M H C -c la s s  n  
a n t ig e n s  o n  B a n d  T ly m p h o c y te s .  Tissue Antigens, 27 , 8 7 - 9 8 .
D ris c o ll ,  P .C ., C y s te r , J .G . ,  C a m p b e ll ,  I .D ., & W illia m s , A .F . (1 9 9 1 ). 
S t r u c t u r e  o f  d o m a in  1 o f  r a t  T ly m p h o c y te  C D 2 a n t ig e n .  Nature, 
3 5 3 ,  7 6 2 -7 6 5 .
287
D u s t in ,  M .L. & S p r in g e r ,  T.A. (1 9 9 1 ). R o le  o f  ly m p h o c y te  a d h e s io n  
r e c e p to r s  in  t r a n s i e n t  in te r a c t io n s  a n d  c e ll lo c o m o tio n . Annu Rev 
Immunol, 9 ,  2 7 -6 6 .
E m ile , J .F . ,  P e u c h m a u r ,  M ., F r a i ta g ,  S ., B o d e m e r , C ., & B r o u s s e ,  
N . (1 9 9 3 ). I m m u n o h is to c h e m ic a l  d e te c t io n  o f  g r a n u lo c y te /  
m a c r o p h a g e  c o lo n y -s t im u la t in g  f a c to r  in  L a n g e r h a n s ' c e ll 
h is t io c y to s is .  Histopathology, 2 3 ,  3 2 7 - 3 3 2 .
E n g e l, P ., W a g n e r , N ., & T e d d e r , T .F . (1 9 9 5 ). C D 7 9  W o rk s h o p  
r e p o r t .  In  S .F . S c h lo s s m a n ,  L. B o u m s e ll ,  W . G ilk s , J .M . H a r la n ,  T. 
K ish im o to , C. M o rim o to , J .  R itz , S . S h a w , R. S irv e r s te in ,  T. 
S p r in g e r ,  T .F . T e d d e r  & R .F . T o d d , Leucocyte Typing V. White Cell 
Differentiation Antigens. V o lu m e  1. O x fo rd : O x fo rd  U n iv e r s i ty  P r e s s .
E v a n s ,  G .O . & F ag g , R. (1 9 9 4 ). R e tic u lo c y te  c o u n t s  in  c a n in e  a n d  
r a t  b lo o d  m a d e  b y  flo w  c y to m e try . Journal o f  Comparative 
Pathology, 1 1 1 , 1 0 7 -1 1 1 .
F a b re ,  J .W . & M o rris , P .J .  (1 9 7 4 ). T h e  d e f in i t io n  o f  a  ly m p h o c y te -  
sp e c if ic  a l lo a n t ig e n  s y s te m  in  th e  r a t  (Ly-1). Tissue Antigens, 4 ,  
2 3 8 - 2 4 6 .
F a c c h e t t i ,  F ., d e  W o lf-P e e te rs , C ., M a s o n , D .Y ., P u lfo rd , K ., v a n  d a n  
O o rd , J . J .  & D e s m e t,  V .J .  (1 9 8 8 ). P la s m a c y to id  T c e lls : 
Im m u n o h is to c h e m ic a l  e v id e n c e  fo r  th e i r  m o n o c y te /m a c r o p h a g e  
o r ig in . Am. J. Pathol., 1 3 3 , 1 5 -2 1 .
F a v a ra ,  B .E . (1 9 9 1 ). L a n g e r h a n s ' c e ll  h is t io c y to s is  p a th o b io lo g y  
a n d  p a th o g e n e s is .  Seminars in Oncology, 1 8 , 3 -7 .
F e lic ia n i , C . & S a u d e r ,  D .N . (1 9 9 1 ). T h e  s k in  a s  a n  im m u n o lo g ic  
o rg a n .  Proceedings o f  the Forty-Second Annual Meeting o f the 
American College o f  Veterinary Pathologists. O r la n d o ,  F lo r id a : 
A m e r ic a n  C o llege o f  V e te r in a ry  P a th o lo g y , 8 -1 3 .
288
Ferrer, L., Fondevila, D., R abanal, R., & Ram is, A. (1992). 
D etection of T lym phocytes in  can ine tissu e  em bedded in  paraffin 
w ax by m eans of antibody to CD3 antigen. Journal o f  Comparative 
Pathology, 106, 311-314.
Ferrer, L., Fondevila, D., R abanal, R., Tarres, J .,  & Ram is, A. 
(1993). Im m unohistochem ical detection  of CD3 an tigen  (pan T 
m arker) in canine lym phom as. Journal o f  Veterinary Diagnostic 
Investigation, 5, 616-620.
Ferrero , E., Hsieh, C.L., Francke, U., & Goyert, S.M. (1990). CD 14 
is a  m em ber of the family of leucine-rich  pro teins an d  is encoded 
by a  gene syntenic w ith m ultiple recep tor genes. J  Immunol, 145, 
331-336 .
Fitzgerald, S.D., Wolf, D.C., & C arlton, W.W. (1991). E ight cases of 
can ine  lym phom atoid granu lom atosis. Veterinary Pathology, 28, 
241-245 .
Fivenson, D.P., Beck, E.R., D u n stan , R.W., Nickoloff, B .J., & 
Moore, P.F. (1992). D erm al dendrocytes a n d  T-cells in  canine 
m ycosis fungoides. Cancer, 70 , 2091-2098.
Flem m ing, K.A. (1992). Norm al sk in , anatom ical, varia tions, and  
d isease  terminology. In J.O . McGee, P. Isaacson, & N.A. W right 
(Eds.), Oxford Textbook o f  Pathology (pp. 2140-2142). Oxford: 
Oxford University Press.
Foley, J .F ., Linder, J .,  Koh, J . ,  Severson, G., & Purtilo, D.T. (1987). 
C u taneous necrotizing g ranu lom atous vascu litis w ith evolution to T 
cell lym phom a. A m J  Med, 82 , 839-844.
Font, R.L., R osenbaum , P.S., & Sm ith , J.L . (1990). Lym phom atoid 
g ranu lom atosis of eyelid a n d  brow  w ith  progression  to lym phom a.
Journal o f  the American A cadem y o f  Dermatology, 23 , 334-337.
289
Freedm an, A.S. & Nadler, L.M. (1991). Im m unologic m ark e rs  in 
non-H odgkin 's lym phom a. Hematology/ Oncology Clinics o f  North 
America , 5, 871-889.
Garma-Avina, A. (1987). M alignant fibrous h istiocy tom a of the 
g ian t cell type in  a  cat. Journal o f  Comparative Pathology , 97 , 551- 
557.
G aulard , P., Henni, T., M arolleau, J .P ., H aioun, C., Henni, Z., 
Voisin, M.C., Divine, M., G oossens, M., Farcet, J .P ., 8 & Reyes, F.
(1988). Lethal m idline g ranu lom a (polymorphic reticulosis) and  
lym phom atoid granulom atosis. Evidence for a  m onoclonal T-cell 
lym phoproliferative disorder. Cancer, 62 , 705-710.
G ebhard, D.H. 8 5  C arter, P.B. (1991). Identification of can ine  T- 
lym phocyte su b se ts  w ith m onoclonal antibodies. Vet. Immunol. 
Imm unopathol., 33 , 187-199.
G ianotti, R., Alessi, E., Cavicchini, S., & Berti, E. (1991). Prim ary 
cu tan eo u s pleom orphic T-cell lym phom a expressing CD30 antigen. 
American Journal o f  Dermatopathology, 13, 503-508.
Gleiser, C.A., R aulston , G.L., Ja rd in e , J.H ., 8 s Gray, K.N. (1979). 
M alignant fibrous histiocytom a in  dogs an d  cats. Veterinary 
Pathology, 16, 199-208.
G oldschm idt, M.H. 8 5  Shofer, F.S. (1992). Skin  Tumors o f  the Dog 
and  C at (pp. 1-316). Oxford: Pergam on Press.
Gordon, B.G., W eisenburger, D.D., W arkentin , P.I., A nderson, J ., 
Sanger, W.G., B ast, M., G narra, D., Vose, J.M ., B ierm an, P .J., 
Armitage, J .O ., 8 5  e t al (1993). Peripheral T-cell lym phom a in 
childhood and  adolescence. A clinicopathologic s tu d y  of 22 
pa tien ts . Cancer, 71 , 257-263.
290
G orm an, N.T. (1991). The haem olym phatic system . In R.A.S. W hite 
(Ed.), Manual o f  Small Animal Oncology, (pp. 207-236). W est 
Sussex: B ritish  Sm all Anim al V eterinary Association.
G orm an, N.T. & W hite, R.A.S. (1987). Clinical m anagem en t of 
can ine  lym phoproliferative d iseases. Veterinary A nnua l, 27 , 227- 
242.
Goyert, S.M., Ferrero, E., Rettig, W .J., Y enam andra, A.K., O bata, 
F., & Le Beau, M.M. (1988). The CD 14 m onocyte d ifferentiation 
an tigen  m aps to a  region encoding grow th fac to rs a n d  receptors. 
Science, 239 , 497-500.
G rant, D. (1986). Skin  D iseases in  the Dog and  C a t (pp. 10187). 
Oxford: Backwell Scientific Pubblications.
Greenlee, P.G., Calvano, S.E., Quinby, F.W., & Hurvitz, A.I. (1987). 
Investigation of cross-reactiv ity  betw een com m ercially available 
antibodies directed aga in st h u m an , m ouse, a n d  r a t  lym phocyte 
su rface  an tigens an d  su rface  m arkers on c a n in e cells. Veterinary 
Immunology and Immunopathology, 15, 285-296.
Greer, J .P ., Kinney, M.C., Collins, R.D., Salhany, K.E., Wolff, S.N., 
H ainsw orth, J.D ., Flexner, J.M ., & Stein, R.S. (1991). Clinical 
fea tu res of 31 p a tien ts  w ith Ki-1 an ap lastic  large-cell lym phom a. J  
Clin Oncol, 9, 539-547.
Gross, T.L., Ihrke, P .J ., & W alder, E .J. (1992). Veterinary 
Dermatopathology. A Microscopic Evaluation o f  Canine and  Feline 
Skin  Disease, (pp. 1-520). St. Luis: Mosby Year Book.
Grossi, C.E. & Lydyard, P.M. (1992). Lymph nodes. In  I.M. Roitt & 
P .J. Delves (Eds.), Encyclopedia o f  Immunology, (pp. 994-997). 
London: Academic Press.
291
G uarino , M .J. (1989). C u taneous T-cell lym phom a. Del Med J, 61 , 
447-452 .
G u ita rt, J .,  Zemtsov, A., Bergfeld, W.F., & Tomecki, K.J. (1991). 
D iffuse derm al h istiocytosis. A v arian t of generalized g ranu lom a 
a n n u la re . American Journal o f  Dermatopathology, 13, 174-178.
Gulley, M.L., D ent, G.A., & Ross, D.W. (1992). C lassification an d  
stag ing  of lym phom a by m olecular genetics. Cancer, 69 , 1600- 
1606.
G up ta , V.K., M cConnell, I., & Hopkins, J . (1993). Reactivity of the  
CD l l / C D  18 w orkshop m onoclonal an tibodies in  the  sheep. 
Veterinary Immunology and Immunopathology, 39 , 93-102.
Hage, C., W illman, C.L., Favara, B.E., & Isaacson, P.G. (1993). 
L angerhans' cell histiocytosis (histiocytosis X): im m unophenotype 
a n d  grow th fraction. H um  Pathol, 24 , 840-845.
H aioun, C., G aulard , P., Bourquelot, P., R oudot Thoraval, F., 
Divine, M., Lavaud, A., Bagot, M., Vasile, N., Farcet, J .P ., & Reyes, 
F. (1992). C linical and  biological analysis of periphera l T-cell 
lym phom as: a  single in stitu tion  study. L euk Lymphoma, 7, 449- 
455.
Hall, I.A., Cam pbell, K.L., C ham bers, M.D., & Davis, C.N. (1993a). 
Effect of trim ethoprim /su lfam ethoxazo le  on thyroid  function  in  
dogs w ith  pyoderm a. Journal o f  the American Veterinary Medicine 
Association, 2 0 2 , 1959-1962.
Hall, G.A., Sopp, P., & Howard, C .J. (1993b). An investigation of 
tem porary  w orkshop c lu s te rs  reacting  w ith  cells of the  
m ononuclear phagocytic system . Veterinary Immunology and  
Immunopathology, 39 , 225-236.
292
H an sm an n , M.-L. & W acker, H.-H. (1990). Im m unoelectron-
m icroscopic investigations of lym ph nodes. In E. G ru n d m an n  & E. 
Vollmer (Eds.), Reaction Patterns o f  the Lym ph Node. (pp. 265-280). 
Berlin: Springer-V erlag.
Harvey, C.E. (1972). Perianal F istu la  in  Dog. Veterinary Record , 91 , 
25-33.
H ayden, D.W., W aters, D .J., Burke, B.A., & Manivel, J.C . (1993). 
D issem inated  m alignan t h istiocytosis in  a  golden retriever: 
clinicopathologic, u ltra s tru c tu ra l, a n d  im m unohistochem ical 
findings. Veterinary Pathology, 30 , 256-264.
H aynes, B.F., D enning, S.M., Singer, K.H., & Kurtzberg, J .  (1989). 
O ntogeny of T-cell p recurso rs: a  m odel for the  in itial stages of 
h u m a n  T-cell developm ent. Immunol Today, 10, 87-91.
Hem ler, M.E. (1990). VLA pro teins in  th e  in tegrin  fam ily: 
s tru c tu re s , functions, an d  their role on  leukocytes. A nna Rev  
Immunol, 8, 365-400.
Henry, K. (1990). C hapter 3: Lymph node. In K. H enry & W.S. 
Sym m ers (Eds.), System ic Pathology 3 rd  E d ition / Volume 7 
Thym us, lym ph nodes, sp leen  and  lym phatics, (pp. 141-325). U.K.: 
C hurchill Livingston.
Hewicker, M., B eardi, B., Zipfel, W., Opitz, M., & Trautw ein, G. 
(1990). E piderm otropes lym phosarkon  (mycosis fungoides) bei 
einem  h u n d . Tierarztl Prax, 18, 633-639.
Hill, P.B. & Moriello, K.A. (1994). C anine pyoderm a. Journal o f  the  
Am erican Veterinary Medicine Association, 2 0 4 , 334-340.
Hirose, Y., Takiguchi, T., Konda, S., Konishi, F., S anada, A., & 
N akagaw a, T. (1991). Enzyme histochem ical, im m uno
293
histochem ical an d  electron m icroscopic s tu d ies  of two cases of 
leukem ic m alignan t histiocytosis. I n t J  Hematol, 54 , 125-135.
Hoffm an-Fezer, G., Thum , J ., Ackley, C., Herbold, M., Mysliwietz, 
J .,  Thefeld, S., H artm ann , K. & Kraft, W. (1992). Decline in  CD4+ 
cell n u m b er in  ca ts  w ith n a tu ra lly  acquired  feline 
im m unodeficiency v irus infection. Journal o f  Virology, 66  (3), 1484- 
1488.
Holmes, M.A. & Lunn, D.P. (1994). V ariation of MHC-H expression  
on can ine  lym phocytes w ith  age (Brief C om m unication). Tissue  
A ntigens , 43 , 179-183.
H om ans, S.W., Ferguson, M.A., Dwek, R.A., R adem acher, T.W., 
A nand, R., & W illiams, A.F. (1988). Com plete s tru c tu re  of the  
glycosyl phosphatidylinosito l m em brane an ch o r of ra t  b ra in  Thy-1 
glycoprotein. Nature, 333 , 269-272.
Hong, R.L., Su, I.J., Chen, Y.C., H sieh, H.C., W ang, C.H., Liu, C.H., 
& Shen, M.C. (1992). H odgkin's d isease  a n d  non-H odgkin 's 
lym phom a containing R eed-S tem berg-like g ian t cells in  Taiwan. A 
clinicopathologic analysis of 50 cases. Cancer, 69 , 1254-1258.
H opkins, J . & McConnell, I. (1984). Im m unological a sp ec ts  of 
lym phocyte recirculation . Veterinary Immunology and  
Immunopathology, 6, 3-33.
H opkins, J .,  Ross, A., & D utia, B.M. (1993). S um m ary  of w orkshop 
findings of leukocyte an tigens in  sheep. Veterinary Immunology and  
Immunopathology, 39, 49-59.
H oriuchi, Y., Tone, T., Umezawa, A., & Takezaki, S. (1988). Large 
cell m ycosis fungoides a t  the  tu m o r stage. U n u su a l T8 , T4, T6  
phenotypic expression. American Journal o f  Dermatopathology, 10, 
54-58.
294
H oulton, J.E .F . (1980a). Anal fu runculosis: a  review of 70 cases. 
Journal o f  Small Animal Practice, 21 , 575-584.
H oulton, J.E .F . (1980b). C anine an a l fu runculosis: a  modified 
approach . Journal o f  Small Animal Practice, 21 , 585-593.
Hui, P.K., Feller, A.C., Kaiserling, E., Hesse, G., R oderm und, O.E., 
H aneke, E., W eber, L., 8 s Lennert, K. (1987). Skin  tum or of T 
accessory  cells (interdigitating re ticu lum  cells) w ith h igh  con ten t of 
T lym phocytes. American Journal o f  Dermatopathology, 9, 129-137.
Isaacson , P.G. (1992). C hapter 24. L ym phoreticular tissu es. In J.O . 
McGee, P.G. Isaacson , & N.A. W right (Eds.), Oxford Textbook o f  
Pathology. Volume 2b. (pp. 1745-1776). Oxford: Oxford U niversity 
Press.
Jack so n , D.G. 8 5  Bell, J.I. (1990). Isolation of a  cDNA encoding the  
h u m a n  CD38 (T10) m olecule, a  cell surface glycoprotein w ith  an  
u n u s u a l  d iscon tinuous p a tte rn  of expression during  lym phocyte 
differentiation. J  Immunol, 144, 2811-2815.
Jaco b sen , C.N., A asted, B., Broe, M.K., 8 s Petersen, J.L . (1993). 
Reactivities of 2 0  a n ti-h u m an  m onoclonal an tibodies w ith 
leucocytes from ten  different an im al species. Veterinary Immunology 
and Immunopathology, 39 , 461-466.
Jam brosic , J ., From , L., A ssaad, D.A., Lipa, M., Sibbald, R.G., & 
W alter, J .B . (1987). Lym phom atoid granulom atosis. Journal o f  the  
American Academ y o f  Dermatology, 17, 621-631.
Jezyk, P.F., H askins, M.E., MacKay Sm ith, W.E., 8 5  Patterson , D.F.
(1986). Lethal acroderm atitis  in  Bull Terriers. Journal o f  the  
American Veterinary Medicine Association, 188, 833-839.
295
Joling, P., B ianchi, A.T., Kappe, A.L., & Zwart, R .J. (1994). 
D istribu tion  of lym phocyte subpopu la tions in  thym us, sp leen , an d  
periphera l blood of specific pathogen  free pigs from 1 to 40 w eeks 
of age. Veterinary Immunology and Immunopathology, 4 0 , 105-117.
Joly, P., Charlotte, F., Leibowitch, M., H aioun, C., W echsler, J ., 
D reyfus, F., Escande, J .P ., Revuz, J . ,  & Bagot, M. (1992). P rim ary 
cu tan eo u s lym phom a, w ith  the  exception of m ycosis fungoides. 
A nn  Dermatol Venereol, 119, 457-462.
Jo n es , N.H., Clabby, M.L., D ialynas, D.P., H uang, H .J., 
Herzenberg, L.A., & Strom inger, J.L. (1986). Iso lation  of 
com plem entary  DNA clones encoding the  h u m a n  lym phocyte 
glycoprotein T l/L e u -1. Nature, 3 2 3 , 346-349.
Jo n es , M., Cordell, J.L ., Beyers, A.D., Tse, A.G.D., & M ason, D.Y. 
(1993). Detection of T a n d  B cells in m any an im al species u sing  
cross-reactive an ti-pep tide  antibodies. The Journal o f  Imm unology, 
150, 5429-5435.
J u n e , C.H., Ledbetter, J.A ., Linsley, P.S., & Thom pson, C.B. (1990). 
Role of the  CD28 recep tor in  T-cell activation. Immunol Today, 11, 
211-216.
K am oun, M., Kadin, M.E., M artin, P .J., Nettleton, J . ,  & H ansen , 
J.A. (1981). A novel h u m a n  T cell an tigen  preferentially  exp ressed  
on m a tu re  T cells an d  sh a red  by bo th  well a n d  poorly differentiated  
B cell leukem ias an d  lym phom as. J  Immunol, 127, 987-991 .
Kam perdijk, E.W.A., van  N ieuwkerk, E .B .J., V erdaasdonk , M.A.M., 
& Hoefsmit, E.C.M. (1990). M acrophages in  different co m p artm en t 
of the  non-neoplastic  lym ph node. In E. G ru n d m an n  & E. Vollmer 
(Eds.), Reaction Patterns o f  the Lym ph Node. (pp. 219-245). Berlin: 
Springer-Verlag.
296
K annourak is, G., 8 s Abbas, A. (1994). The role of cytokynes in the  
pa th o g en esis  of L angerhans cell histiocytosis. Br. J. Cancer, 7 0  
(S upp l. XXIII), 37-40.
K audew itz, P. 8 s Burg, G. (1991). Lym phom atoid papu losis an d  Ki- 
1 (CD30)-positive c u ta n eo u s  large cell lym phom as. Sem in Diagn 
Pathol, 8, 117-124.
Kaudew itz, P., S tein , H., D allenbach, F., Eckert, F., Bieber, K., 
B urg, G., & B ra u n  Falco, O. (1989). Prim ary a n d  secondary  
c u ta n e o u s  Ki-1+ (CD30+) anap lastic  large cell lym phom as.
M orphologic, im m unohistologic, and  clin ical-characteristics.
Am erican Journal o f  Pathology, 135, 359-367.
Kay, R., Rosten, P.M., 8 s H um phries, R.K. (1991). CD24, a  signal 
tra n sd u c e r  m odulating  B cell activation responses, is a  very sh o rt 
pep tide  w ith  a  glycosyl phosphatidylinosito l m em brane anchor. J  
Immunol, 147, 1412-1416.
Keen, C.L. 8 s Hurley, S.L. (1989). Zinc and  reproduction: Effects of 
deficiency on foetal an d  p o s tn a ta l developm ent. In C.F. Mills (Eds.), 
Zinc in  H um an Biology. (pp. 202-203). Berlin: Springer-V erlag.
Kelso, A. (1995). T h l a n d  Th2 subse ts: parad igm s lost? Immunology 
Today, 16, 374-379.
K ikuchi, A., S aku raoka , K., K urihara, R., Akiyama, M., Shim izu, 
H., 8 s N ishikaw a, T. (1992). CD8 + cu tan eo u s anap lastic  large-cell 
lym phom a: R eport of two cases w ith im m unophenotyping, T-cell- 
recep to r gene rea rran g em en t an d  electron m icroscopic stud ies. 
British Journal o f  Dermatology, 126, 404-408.
Killingsworth, C.R., W alshaw , R., D unstan , R.W., 8 s Rosser, E .J. 
(1988a). B acterial popu la tion  an d  histologic changes in  dogs w ith
297
perian a l fistu la . American Journal o f  Veterinary Research, 49 , 
1736-1741.
Killingsworth, C.R., W alshaw, R., Reim an, K.A., & Rosser, E .J. 
(1988b). Thyroid a n d  im m unologic s ta tu s  of dogs w ith  perianal 
fistu la . American Journal o f  Veterinary Research , 49 , 1742-1746.
King, P.D. & Katz, D.R. (1990). M echanism  of dendritic  cell 
function . Immunology Today, 206-211.
Kishim oto, T.K., Larson, R.S., Corbi, A.L., D ustin , M.L., S taun ton , 
D.E., & Springer, T.A. (1989). The leukocyte in tegrins. A dv
Immunol, 46 , 149-182.
Kisielow, P., H irst, J.A ., Shiku , H., Beverley, P.C., Hoffman, M., 
Boyse, E.A., & Oettgen, H.F. (1975). Ly an tigens a s  m arkers for 
functionally  d istinc t of thym us-derived  lym phocytes of the  m ouse. 
Nature, 253 , 219-220.
K napp, W., e t al (1989). Leukocyte Typing TV (pp. 1-1182). Oxford: 
Oxford U niversity Press.
Koch, S.E., Zackheim , H.S., W illiams, M.L., Fletcher, V., & LeBoit, 
P.E. (1987). Mycosis fungoides beginning in  childhood an d  
adolescence. Journal o f  the American A cadem y o f  Dermatology, 17, 
563-570.
Kohler, G. & M ilstein, C. (1975). C on tinuous cu ltu res  of fused  cells 
secreting  antibody of predefined specificity. Nature, 2 5 6 , 495-497.
Kroese, F.G.M., Tim ens, W. & N ieuw enhuis, P. (1990). G erm inal 
cen ter reac tion  an d  b lym phocytes: Morphology an d  function. In E. 
G ru n d m an n  & E. Vollmer (Eds.), Reaction Patterns o f  the Lym ph  
Node. (pp. 103-138). Berlin: Springer-V erlag.
298
Kung, E., M eissner, K., & Loning, T. (1988). C u tan eo u s T cell 
lym phom a: im m unocytochem ical s tu d y  on activation /p ro lifera tion  
a n d  differentiation assoc ia ted  an tigens in  lym ph nodes, sk in , and  
periphera l blood. Virchows Arch A Pathol A nat Histopathol, 413 , 
539-549.
Labeta, M.O., L andm ann , R., O brecht, J .P ., & O brist, R. (1991). 
H um an  B cells express m em brane-bound  a n d  soluble form s of the 
CD 14 m yeloid an tigen . Mol Immunol, 28 , 115-122.
Ladiges, W.C., K east, M., A ppelbaum , F., & S torb, R. (1988). 
Phenotypic charac teriza tion  of canine lym phom a, using  
m onoclonal an tibodies a n d  a  m icrolym phocytotoxicity assay. 
American Journal o f  Veterinary Research, 49 , 870-872.
Lai, R.B., Edison, L .J. 8 s C bused, T.M. (1988). F ixation a n d  long­
term  storage of h u m a n  lym phocytes for su rface  m ark e r analysis by 
flow cytom etry. Cytometry, 9, 213-219.
L am pert, I.A. (1992). The spleen. In J.O . McGee, P. Isaacson, 8 s 
N.A. W right (Eds.), Oxford Textbook o f  Pathology, (pp. 1794-1807). 
Oxford: Oxford U niversity Press.
Lanier, L.L., C hang, C., Azuma, M., R uitenberg, J .J . ,  Hemperly, 
J .J . ,  8 s Phillips, J .H . (1991). M olecular a n d  functional analysis of 
h u m a n  n a tu ra l k iller cell-associated  n eu ra l cell adhesion  m olecule 
(N-CAM/CD56). JIm m unol, 146, 4421-4426.
Lawlor, F., Sm ith , N.P., Cam p, R.D., Bacon, K.B., B lack, A.K., 
Greaves, M.W., 8 s Gearing, A.J. (1990). Skin  exudate  levels of 
in te rleuk in  6 , in te rleu k in  1  a n d  o ther cytokines in  m ycosis 
fungoides. British Journal o f  Dermatology, 123, 297-304.
Lawry, J .  (1995). A review of fluorescence activated  cell sorting  in  
clinical a n d  re sea rch  laboratories. RM S Proceedings , 30 , 39-48.
299
LeBien, T.W. & M cCorm ack, R.T. (1989). The com m on acu te  
lym phoblastic  leukem ia  an tigen  (CD 10)- em ancipation  from a  
fu n c tio n a l enigm a. Blood, 73 , 625-635.
LeBlanc, B., M asson, M.T., A ndreu, M., B onnet, M.C., & R aulus, G. 
(1990). Lym phom atoid g ranu lom atosis in  a  Beagle dog. Veterinary 
Pathology, 27 , 287-289.
Lee, F.D. & A nderson, J .R . (1980). L ym pho-reticular tissu es. In 
J .R . A nderson  (Ed.), Muir's Textbook o f  Pathology, (pp. 560-587). 
London: Edw ard Arnold.
L ennert, K. (1967). C lassification of m alignan t lym phom as 
(E uropean  concept). In A. R u ttim ann  (Eds). Progress in  
Lym phology. (pp. 103-109). S tu ttg a rt: Thieme.
L ennert, K. & Feller, A.C. (1990). Histopathology o f  Non-Hodgkin's 
L ym phom as (Based on the upda ted  Kiel classification), (pp. 1-312). 
B erlin: Springer-V erlag.
L ennert, K., S tein , H., & Kaiserling, E. (1975). Cytological a n d  
fu nc tiona l criteria  for th e  classification of m alignan t lym phom a.
British Journal o f  Cancer, 31 , 29-43.
Lever, W.F. & Schaum burg-L ever, G. (1989). Histopathology o f  the  
Skin . (pp. 1-940). Philadelphia: J .B . L ippincott Com pany
Liang, G., Pardo, R .J., Voigt, W., Gould, E.W., & Falanga, V.
(1989). S tud ies of im m unoglobulin  an d  T cell recep to r gene 
rea rran g em en t in  c u ta n eo u s  B a n d  T cell lym phom as. Journal o f  
the  Am erican A cadem y o f  Dermatology, 21 , 457-460.
L ippm an, S.C., Miller, T.P., Spier, C., Slym en, D .J., & Grogan, T.M. 
(1988). The prognostic  significance of the  im m unotype in  diffuse 
large-cell lym phom a: A com parative s tudy  of the  T-cell a n d  B-cell 
pheno type. Blood, 72 , 436-441 .
300
Little, C .J., Lane, J .G ., & Pearson, G.R. (1995). Inflam m atory 
m iddle ea r d isease  of the  dog: the  pathology of o titis m edia. 
Veterinary Record, 128, 293-296.
Liu, C.M., M uirhead, K.A., George, S.P. & Landay, A.L. (1989). Flow 
cytom etry  m onitoring  of h u m a n  im m unodeficiency virus-infected  
p a tien ts . Am. J. Clin. Pathol., 92 , 721-728.
Lubaroff, D.M. (1973). An alio antigenic m arker on ra t  th y m u s an d  
thym us-derived  cells. Transplant Proc, 5, 115-118.
Lukes, R .J. & Collins, R.D. (1975). New approaches to the  
c lassification  of the  lym phom ata. British Journal o f  Cancer, 31 , 1- 
28.
M acEwen, E.G. (1990). S pon taneous tum ors in  dogs a n d  cats: 
m odels for the  s tu d y  of cancer biology an d  trea tm en t. Cancer 
M etastasis Rev, 9, 125-136.
M aeda, K., Jim bow , K., & T akahash i, M. (1987). A ssociation of 
vesicu lobullous e rup tions w ith  m ycosis fungoides. Dermatologica, 
174, 34-38.
Male, D., C ham pion, B., Cooke, A., & Owen, M. (1993). 
A nonym ousA dvanced  Immunology, (pp. 1.1-18.8). London: M osby
M alone, J.L ., S im m s, T.E., Gray, G.C., W agner, K.F., Burge, J.R . & 
B urke, D.S. (1990) Sources of variability  in  repeated  T-helper 
lym phocyte c o u n ts  from  h u m a n  im m unodeficiency v irus type 1 - 
infected pa tien ts : Total lym phocyte co u n t fluc tuations an d  d iu rn a l 
cycle a re  im portan t. Journal o f  Acquired Imm une Deficiency 
Syndrom es, 3, 144-151.
M ason, D.Y., Cordell, J .,  Brown, M., Pallesen, G., Ralfkiaer, E., 
R othbard , J .,  C rum pton , M., & G atter, K.C. (1989). D etection of T 
cells in  paraffin w ax em bedded tis su e  using  an tibodies ag a in st a
301
pep tide  sequence  from the CD3 antigen . J  Clin Pathol, 42 , 1194- 
1 200 .
M ason, D.Y., Cordell, J.L ., Tse, A.G.D., v an  Dongen J.M ., van  
Noesel C .J.M ., Micklem, K., Pulford, K.A.F., Valensi, F., C om ans- 
B itter, W.M., B orst, J ., & G atter, K.C. (1991). The IgM -associated 
p ro te in  m b-1 a s  a  m arker of no rm al an d  neoplastic  B cells. The 
Journal o f  Immunology, 147, 2474-2482 .
M ason, D.Y., van  Noesel, C .J.M ., Cordell, J.L ., C om ans-B itter, 
W.M., Tse, A.G.D., v an  Lier, R.A.W., & van  Dongen, J .J .M . (1992). 
The B29 am d m b-1 polypeptides a re  differentially expressed  during  
h u m a n  B cell differentiation. European Journal o f  Immunology, 22 , 
2753-2756 .
M atsuyoshi, N., Horiguchi, Y., T anaka, T., T akahash i, K., D osaka, 
N., Fu jita , M., Miyachi, Y., 8 & Tmamura, S. (1989). Lym phom atoid 
papu losis : u ltra s tru c tu ra l, im m unohistochem ical a n d  gene
analy tica l s tu d ies . British Journal o f  Dermatology, 121, 381-389.
M ayou, S.C., Cotter, F.E., Norton, A .J., Davies, C.L., 8 s M unro,
D.D. (1991). A cu tan eo u s B-cell lym phom a of novel 
im m unophenotype. British Journal o f  Dermatology, 125, 373-376.
McAteer, M .J., Lagarde, A.C., Georgiou, H.M., & Bellgrau, D. 
(1988). A requ irem en t for the  CD5 an tigen  in  T cell activation. Eur 
J  Immunol, 18, 1111-1117.
M cEwan, N.A. (1992). Confirm ation an d  investigation of le tha l 
acroderm atitis  of Bull Terriers in  B ritain . In P .J. Ihrke, I.S. M ason 
8 & S.D. W hite. A dvances in veterinary dermatology. Proceedings o f  
the Second World Congress o f  Veterinary Dermatology. M ontreal, 
C anada . Volum e 2. (pp. 151-156). Oxford: Pergam on Press.
302
M cFadden, M.E. (1991). C u taneous T-cell lym phom a. Sem in Oncol 
N urs, 7 , 36-44.
McKenzie, J.L . 8 s Fabre, J.W . (1981). S tud ies w ith  m ononclonal 
an tibody  on the  d istribu tion  of THY-1 in  th e  lym phoid and  
ex trace llu lar connective tissue . Transplantation, 31 , 275-282.
McMillan, E. & Stoneking, L.E. (1987). Identification an d  possible 
significance of HNK-1+ h u m a n  lym phocytes, m acrophages, and  
non-neop lastic  T-cells in  cu tan eo u s lym phom a. American Journal 
o f  Dermatopathology, 9, 2-9.
M cNutt, N.S., Balin, A.K., 8 s Placek, E. (1989). B-cell lym phom a. J  
Dermatol Surg Oncol, 15, 716-720.
Miller, W.H. (1991). A ntibiotic-responsive generalized nonlesional 
p ru r i tu s  in  a  dog. Cornell Vet, 81, 389-395.
M ilstein, C. (1989). W hat next? In Knapp (Ed.), Leukocyte Typing 
IV. (pp. 1-5). Oxford: Oxford U niversity Press.
M oham m ad, R.M., M oham ed, A.N., K uK uruga, M., Sm ith, M.R., & 
a l Katib, A. (1992). A h u m a n  B-cell lym phom a line w ith  a  de novo 
m u ltid ru g  res is tan ce  phenotype. Cancer, 69 , 1468-1474.
M onaco, J .J .  (1992). A m olecular m odel of MHC class-I-restric ted  
an tigen  processing. Immunology Today, 113, 173-184.
Moore, P.F. (1984). System ic h istiocytosis of B ernese M ountain 
Dogs. Veterinary Pathology, 21 , 554-563.
Moore, P.F., Olivry, T. 8 5  N aydan, D. (1994). Ca n in e cu tan eo u s 
epithelio tropic lym phom a (mycosis fungoides) is a  proliferative 
d iso rder of CD8 + T cells. American Journal o f  Pathology, 144 (2), 
421429 .
303
Moore, P.F. & Rosin, A. (1986). M alignant h istiocy tosis of B ernese 
M oun ta in  Dog. Veterinary Pathology, 23 , 1-10.
Moore, P.F., Rossitto, P.V., & Danilenko, D.M. (1990). C anine 
leukocyte  in tegrins: charac teriza tion  of a  CD 18 hom ologue. Tissue  
A ntigens, 36 , 211-220.
Moore, P.F., Rossitto, P.V., D anilenko, D.M., W ielenga, J .J . ,  Raff, 
R.F., & Sevem s, E. (1992). M onoclonal an tibod ies specific for 
can in e  CD4 a n d  CD8  define functional T-lym phocyte su b se ts  and  
h igh -density  expression  of CD4 by canine n eu tro p h ils . Tissue  
A ntigens, 40 , 75-85.
Moore, P.F. & Schrenzel, M.D. (1991). C anine cu tan eo u s 
h istiocy tom a rep resen ts  a  L angerhans cell proliferative disorder 
b a sed  on  an  im m unophenotypic analysis. Proceedings o f  the Forty- 
Second A nnual Meeting o f  the American College o f  Veterinary 
Pathologistis. O rlando, Florida: Am erican College of V eterinary 
Pathology, 119
M orris, J .S ., D unn, J.K ., & Dobson, J.M . (1993). C anine lym phoid 
leu k aem ia  an d  lym phom a w ith  bone m arrow  involvem ent: a  review 
of 24  cases. Journal o f  Small Anim al Practice, 34 , 72-79.
M osm ann, T.R. & Coffman, R.L. (1989). T h l a n d  Th2 cells: different 
p a tte rn s  of lym phokine secre tion  lead  to different functional 
p roperties . A nn  Rev Immunol, 7, 145-173.
M uller, G.H., Kirk, R.W. & Scott, D.W. (1983). 3 rd  Ed. Small Animal 
Dermatology, (pp. 1-889). Philadelphia: W.B. S a u n d e rs  Com pany.
M uller, G.H., Kirk, R.W. & Scott, D.W. (1989). 4 th  Ed. Small Animal 
Dermatology, (pp. 1-1007). Philadelphia: W.B. S a u n d e rs  Com pany.
304
M urphy, G.F. (1990). C u taneous lym phom a. In E.R. F arm er & A.F. 
Hood (Eds.), Pathology o f  the Skin. (pp. 888-896). C onnecticut: 
A ppleton 8 s Lange.
N agatani, T., Kim, S., B aba, N., Miyamoto, H., M inato, K., 
Shim oyam a, M., & Nakajim a, H. (1989). Phenotypic heterogeneity  
of lym phom a of the  sk in . J  Dermatol, 16, 443-452.
Neefjes, J . J .  & M om burg, F. (1993). Cell Biology of Antigen 
P resen ta tion . Current Opinion in  Immunology, 5, 27-34.
Neefjes, J . J .  & Ploegh, H.L. (1992). In tracellu lar tra n sp o rt of MHC 
c lass  II m olecules. Immunology Today, 13 (5), 179-184.
Nickoloff, B .J. (1988). Light-m icroscopic a sse ssm e n t of 100 
p a tie n ts  w ith  p a tc h /p la q u e -s ta g e  m ycosis fungoides. American  
Journal o f  Dermatopathology, 10, 469-477.
N orm ent, A.M. & L ittm an, D.R. (1988). A second  s u b u n it  of CD8  is 
ex p ressed  in  h u m an  T cells. EMBO J, 7 , 3433-3439 .
N orris, D.A. 8 s LeFeber, W.P. (1986). C hap ter 33. M ycosis fungoides 
a n d  th e  Sezary Syndrom e. In  B.H. Thiers 8 & R.L. D obson (Eds.). 
P athogenesis o f  the Sk in  D isease, (pp. 475-498). New York: 
C hurch ill Livingstone.
O lsen, T.G. (1990). C hap ter 13. V asculitis. In  E.R. F arm er 8 s A.F. 
Hood (Eds.), Pathology o f  the Skin. (pp. 175-192).Connecticut: 
A ppleton 8 s Lange.
P abs, R. 8 5  B inns, R.M. (1992). Lym phocyte traffick ing. In  I.M. Roitt 
8 & P .J . Delves (Eds.), Encyclopedia o f  Immunology, (pp. 1003-1005). 
London: Academ ic Press.
P ark s, J .D ., Synovec, M.S., M asih, A.S., B raddock, S.W., 
N akam ine, H., Sanger, W.G., H arrington, D.S., 8 5  W eisenburger,
305
D.D. (1992). Im m unophenotypic and  genotypic characteriza tion  of 
lym phom atoid  papu losis . Journal o f  the American A cadem y o f  
Dermatology, 26 , 968-975.
P anciera, D.L. (1994). Hypothyroidism  in  dogs: 6 6  cases (1987- 
1992). Journal o f  the American Veterinary Medicine Association, 
2 0 4 , 761-767.
Park, Y.H., Fox, L.K., Ham ilton, M .J. an d  Davis, W.C. (1993). 
S u p p ress io n  of proliferative response  of BoCD4+ T lym phocytes by 
activa ted  B 0 CD8 + T lym phocytes in  the  m am m ary  g land  of cows 
w ith  Staphylococcus aureus m astitis . Veterinary Immunology and  
Immunopathology, 36 , 137-151.
P am es , J .R . (1989). M olecular biology a n d  function  of CD4 a n d  
CD8 . A dv Immunol, 44 , 265-311.
Patarroyo, M., Prieto, J .,  R incon, J .,  Tim onen, T., Lundberg, C., 
Lindbom , L., Asjo, B., & G ahm berg, C.G. (1990). Leukocyte-cell 
adhesion : a  m olecular p rocess fu n d am en ta l in  leukocyte
physiology. Immunol Rev, 114, 67-108.
Pawin, H. & Belaich, S. (1987). Lym phom atoid papulosis. R ev Prat, 
37 , 1451-1456.
Penny, R .J., B lauste in , J .C ., Longtine, J.A ., & P inkus, G.S. (1991). 
Ki-1-positive large cell lym phom as, a  he terogenous group  of 
neop lasm s. M orphologic, im m unophenotypic, genotypic, a n d  
clinical fea tu res of 24  cases. Cancer, 68 , 362-373 .
Peters, M.S. (1990). Histiocytic an d  L angerhans cell reac tions. In
E.R. F arm er & A.F. Hood (Eds.), Pathology o f  the Skin. (pp. 249- 
273). C unnecticu t: A ppleton a n d  Lange.
Piggot, R. & Power, C. (1993). The A dhesion  Molecule, (pp. 1-190). 
London: Academ ic Press.
306
Pim pinelli, N., San tucci, M., Bosi, A., Moretti, S., Vallecchi, C., 
M essori, A., & G iannotti, B. (1989). Prim ary cu ta n eo u s  follicular 
centre-cell lym phom a- a  lym phoproliferative d isease  w ith 
favourable prognosis. Clin Exp Dermatol, 14, 12-19.
Postorino, N.C., W heeler, S.L., Park , R.D., Powers, B.E., 8 s 
W ithrow, S .J . (1989). A syndrom e resem bling lym phom atoid  
g ranu lom atosis  in  the  dog. Journal o f  Veterinary Internal Medicine, 
3, 15-19.
Prenovault, J.M ., W eisbrod, G.L., & H erm an, S .J . (1988).
Lym phom atoid granulom atosis: a  review  of 12 cases. Can A ssoc  
Radiol J, 39 , 263-266.
P ritchard , J .  8 s B roadbent, V. (1994). H istiocytosis-A n in troduction . 
British Journal o f  Cancer, 70, S I -S3.
Pulford, K.A.F., Rigney, E.M. & Micklem, K .J. (1989). K P l-a  new  
m onoclonal an tibody  th a t de tec ts  a  m onocy te /m acrophage  
a ssoc ia ted  an tigen  in  routinely  p rocessed  tis su e  sections. J. Clin 
Pathol, 4 2 , 414-421 .
Pulford, K.A., Sipos, A., Cordell, J.L ., S tross, W.P., 8 s M ason, D.Y. 
(1990). D istribu tion  of the CD6 8  m acrophage/m yelo id  assoc ia ted  
an tigen . Int Immunol, 2, 973-980.
Racz, P., Tenner-Racz, K., 8 s Schm idt, H. (1989). Follicular 
dendritic  cells in  HIV-induced lym phadenopathy  a n d  AIDS. Acta  
Pathologica, Microbiologica et Immunologica Scandinava, 16-23.
Raff, M.C. (1971). Surface antigenic m ark e rs  for d istingu ish ing  T 
a n d  B lym phocytes in  mice. Transplant Rev, 6, 52-80.
Ralfkiaer, E. (1991). Im m unohistological m ark e rs  for the  d iagnosis 
of c u ta n eo u s  lym phom as. Sem in Diagn Pathol, 8, 62-72.
307
Ralfkiaer, E., Bosq, J . ,  G atter, K.C., Schw arting, R., G erdes, J ., 
S tein , H., & M ason, D.Y. (1987). E xpression of a  Hodgkin an d  
R eed-S ternberg  cell associated  an tigen  (Ki-1) in  cu tan eo u s 
lym phoid infiltrates. Arch Dermatol R es , 279 , 285-292.
Ralfkiaer, E., Wollf Sneedorff, A., & V ejlsgaard, G.L. (1991). Use of 
an tibod ies ag a in st the  variable regions of the  T-cell recep tor 
a lp h a /b e ta  heterod im er for the  s tu d y  of cu tan eo u s T-cell 
lym phom as. British Journal o f  Dermatology, 125, 409-412.
R appaport, H. (1966). Tum ors of the  hem opoietic system . In Atlas 
o f  tumor pathology . Section 3. Armed Forces In s titu te  of Pathology 
(W ashington).
R athkolb , B., W ohsein, P., Pohlenz, J . 8 s B arre tt, T. (1995). 
C om parison  of different h istotechnological m ethods for the  
im m unohisto logical identification of bovine leukocyte su b se t in 
paraffin  em bedded tissu es. 13th European Congress on Veterinary 
Pathology. (A bstract 2B-2). E uropean  Society of V eterinary 
Pathology: E dinburg, Scotland.
Ravetch, J.V . 8 s Kinet, J .P . (1991). Fc recep tors. A nnu  R ev Immunol, 
9, 457-492 .
R eagan, W .J., Vap, L.M., 8 s W eiser, M.G. (1992). Flow cytom etric 
analysis  of feline reticulocytes. Veterinary Pathology, 29 , 503-508.
Reinhold, U., Abken, H., Kukel, S., Goeden, B., Uerlich, M., 
N eum ann, U., 8 s Kreysel, H.W. (1991). T um or-infiltrating 
lym phocytes iso lated  from a  Ki-1-positive large cell lym phom a of 
the  sk in . Phenotypic characteriza tion  an d  analysis of cytokine 
secretion . Cancer, 68 , 2155-2160.
Reinhold, U., Pawelec, G., Fratila, A., Leippold, S., B auer, R., 8 s 
Kreysel, H.W. (1990). Phenotypic a n d  functional charac teriza tion  of
308
tum or infiltrating  lym phocytes in  m ycosis fungoides: con tin u o u s 
grow th of CD4+ CD45R+ T-cell clones w ith su p p resso r-in d u cer 
activity. Journal o f  Investigative Dermatology, 94 , 304-309.
Renzi, P. & G inns L.C. (1987). Analysis of T cell su b se ts  in  norm al 
ad u lts . C om parison  of whole blood lysis to Ficoll-Hypaque 
sep ara tio n  by flow cytom etry. Journal o f  Immunological M ethods, 
98 , 53-56 .
Ritter, M.A. & Lam pert, I.A. (1992). The thym us. In J.O . McGee, P. 
Isaacson , & N.A. W right (Eds.), Oxford Textbook o f  Pathology, (pp. 
1807-1821). Oxford: Oxford U niversity Press.
Robb-Sm ith, A.H.T. & Taylor, C.R. (1981). The h u m a n  lym ph node. 
C om ponent cells an d  functional anatom y; Principles of lym ph node 
diagnosis. In Lym ph Node Biopsy, (pp. 9-47). London: Miller an d  
Heyden.
Rongioletti, F., Desirello, G., 8 s Nazzari, G. (1988). U lcerated p laque 
an d  nodu les on  the  th igh  of a  p a tien t w ith  febrile pu lm onary  
d isease. A lym phom atoid  granu lom atosis (Liebow). Archives o f  
Dermatology, 124, 572, 575
Rosem berg, M.P., M atus, R.E., & Patwaik, A.K. (1991). Prognostic 
factors in  dogs w ith  lym phom a a n d  associated  hypercalcem ia. 
Journal o f  Veterinary Internal Medicine, 5, 268-271.
R osenthal, R.C. & M acEwen, E.G. (1990). T reatm ent of lym phom a 
in  dogs. Journal o f  the American Veterinary Medicine Association, 
196 (5), 774-781 .
Rosin, A., Moore, P.F., & Dubielzig, R. (1986). M alignant
h istiocytosis in  B ernese M ountain Dog. Journal o f  the American  
Veterinary Medicine Association, 1 8 8 (9 ), 1041-1045.
309
Rowden, G. 8 s Lewis, M.G. (1976). L angerhans cells: involvem ent in  
th e  pa thogenesis  of m ycosis fungoides. British Journal o f  
Dermatology, 95 , 665-672.
Ruco, L.P., Pulford, K.A.F. & M ason, D.Y. (1989). E xpression  of 
m acrophage-associa ted  an tigens in  tissue  involved by L angerhans 
cell h istiocy tosis (Histiocytosis X). Am. J. Clin. Pathol., 92  (3), 273- 
279 .
S alm eron , G., H illm an, N., Paul, C.C., Taylor, C.A., Schroeter, A., & 
B a u m a n n , M.A. (1989). C u taneous T cell lym phom a w ith 
su p p re sso r  phenotype an d  function. South Med J, 82, 520-524.
S an d e rs , M.E., M akgoba, M.W., Sharrow , S.O., S tephany , D., 
Springer, T.A., Young, H.A., 8 s Shaw, S. (1988). H um an  m em ory T 
lym phocytes express increased  levels of th ree  cell adhesion  
m olecu les (LFA-3, CD2, a n d  LFA-1) and  th ree  o ther m olecules 
(UCHL1, CDw29, a n d  Pgp-1) a n d  have enhanced  IFN-gam m a 
p roduction . J  Immunol, 140, 1401-1407.
S an tucc i, M., Pimpinelli, N., 8 s Arganini, L. (1991). Prim ary 
c u ta n e o u s  B-cell lym phom a: a  un ique  type of low-grade lym phom a. 
C linicopathologic an d  im m unologic study  of 83 cases. Cancer, 67 , 
2311-2326 .
Savoia, P., Novelli, M., Bertero, M., 8 s B em engo, M.G. (1994). 
A dhesion  m olecules in  lym phom atoid g ranulom atosis. 
Dermatology, 189, 9-15.
Scherlie, P.H., J r . ,  Sm edes, S.L., Feltz, T., D ougherty, S.A., 8 s Riis, 
R.C. (1992). O cular m an ifesta tion  of system ic h istiocytosis in  a 
dog. Journal o f  the American Veterinary Medicine Association, 2 01 , 
1229-1232 .
310
S ch lo ssm an  S.F. (1995). Preface. In  S.F. Sch lossm an , L. Boum sell, 
W. Gilks, J.M . H arlan, T. Kishimoto, C. Morimoto, J .  Ritz, S. Shaw, 
R. S irverstein , T. Springer, T.F. Tedder & R.F. Todd, Leucocyte 
Typing V. White Cell Differentiation Antigens. Oxford: Oxford 
U niversity  Press.
S.F. S ch lossm an , L. Boum sell, W. Gilks, J.M . H arlan, T. Kishimoto,
C. M orim oto, J .  Ritz, S. Shaw , R. Sirverstein, T. Springer, T.F. 
T edder & R.F. Todd, Leucocyte Typing V. White Cell Differentiation 
A ntigens. Volum e 1. Oxford: Oxford University Press.
Schm id , C., Sargen t, C., 8 s Isaacson , P.G. (1991). L a n d  H cells of 
n o d u la r  lym phocyte p redom inan t H odgkin 's d isease  show  
im m unoglobulin  ligh t-chain  restric tion . American Journal o f  
Pathology j  139, 1281-1289.
Schm id t, M.L., R u ttem an , G.R., v an  Niel, M.H., 8 s W olvekamp, P.T. 
(1993). C linical an d  rad iographic m an ifesta tions of canine 
m a lig n an t h istiocytosis. Veterinary Quarterly, 15, 117-120.
Scott, D.W., A ngarano, D.K., 8 s Suter, M.M. (1987). System ic 
h istiocy tosis in  two dogs. Canine Practice, 14, 7-12.
Scott, D.W., Miller, W.H., Tasker, J .J .B ., Schultz, R.D., 8 s M euten,
D .J. (1979). L ym phoreticular neop lasia  in  a  dog resem bling 
m a lig n an t h istiocy tosis (histiocytic m edulary  reticulosis) in  m an . 
Cornell Vet, 69 , 176-197.
Scott, D.W., Miller, W.H. 8 s Griffin, C.E. (1995). Small Animal 
Dermatology, (pp. 1-1213). Philadelphia: W.B. S a u n d e rs  Com pany.
S ha iken , L.C., Evans, S.M., 8 s G oldschim idt, M.H. (1991). 
R adiographic findings in  can ine  m alignan t histiocytosis. Veterinary 
Radiology , 32 , 237-242.
311
Schw ab, U., S tein , H., Gerdes, J .,  Lemke, H., K irchner, H., 
S ch aad t, M., & Diehl, V. (1982). Production  of a  m onoclonal 
an tibody  specific for Hodgkin a n d  Stem berg-R eed cells of 
H odgkin 's d isease  a n d  a  su b se t of norm al lym phoid cells. Nature, 
2 9 9 , 65-67.
Schw arting, R., G erdes, J .,  D urkop, H., Falini, B., Pileri, S., & 
S tein , H. (1989). BER-H2: a  new  anti-Ki-1 (CD30) m onoclonal 
an tibody  d irected  a t  a  fo rm ol-resistan t epitope. Blood , 74 , 1678- 
1689.
Singer, S .J . & Nicolson, G.L. (1972). The fluid m osaic m odel of the  
s tru c tu re  of cell m em branes. Science, 175, 720-731.
Sm ith , K .J., Skelton, H.G., & Angritt, P. (1991). H istopathologic 
fea tu res  of HIV -associated skin disease. Dermatol Clin, 9, 551-578.
Sm ith , M.E. & Thom as, J.A. (1990). C ellular expression of 
lym phocyte function  associated  an tigens a n d  the  in tercellu lar 
ad h esio n  m olecu le-1 in  norm al tissue . J  Clin Pathol, 43 , 893-900.
S m its, B., Croft, D.L. & Abrams-Ogg, A.C.G. (1991). L ethal 
acroderm atitis  in  B ull Terriers: A problem  of defective zinc 
m etabolism . Veterinary Dermatology, 2  (2), 91-96.
Som berg, R.L., R obinson, J .P ., & Felsburg, P .J. (1992). D etection of 
can ine  in terleuk in -2  recep to rs by flow cytom etry. Veterinary 
Immunology and  Immunopathology, 33 , 17-24.
Springer, T.A. (1990). A dhesion recep tors of th e  im m une system . 
Nature, 3 4 6 , 425-434 .
Stam enkovic, I. & Seed, B. (1990). The B-cell an tigen  CD22 
m ed ia tes m onocyte a n d  erythrocyte adhesion . Nature, 345 , 74-77.
312
Sterry , W. & Mielke, V. (1989). CD4+ cu tan eo u s T-cell lym phom as 
show  th e  phenotype of h e lp e r/in d u c e r T cells (CD45RA-, CDw29+). 
Journal o f  Investigative Dermatology, 93 , 413-416.
Stingl, G., H ausser, C., Tschachler, E., & wolff, K. (1989). The 
im m une function  of epiderm al cells. In D.A. Norris (Eds.), Immune  
M echanism s in  Cutaneous Disease, (pp. 3-72). New York: M arcel 
D ekker.
S torti, E. (1989). Lym phom atoid g ranulom atosis. Lym phom a of a  
p a rticu la r  type w hich is very difficult to diagnose. Recenti Prog Med, 
80 , 153-159.
S u ter, M.M. (1991). Im munologic b asis  of sk in  defence. Proceedings 
o f  the European Society o f  Veterinary Dermatology Workshop on Skin  
Biology. R eichenau, Sw itzerland: E uropean  Society of V eterinary 
D erm atology, 5.
Takagi, N., N akam ura, S., Ueda, R., O sada, H., O bata, Y., Kitoh, 
K., S uchi, T., & T akahash i, T. (1992). A phenotypic an d  genotypic 
s tu d y  of th ree  node-based , low-grade peripheral T-cell lym phom as: 
angio im m unoblastic  lym phom a, T-zone lym phom a, an d  
lym phoepithelioid lym phom a. Cancer, 69 , 2571-2582.
Taylor, J.M .G ., Fahey, J.L ., Detels, R. & Giorgi, J.V . (1989). CD4 
percen tage, CD4 num ber, an d  CD4:CD8 ratio  in  HIV infection: 
W hich to choose a n d  how  to use . Journal o f  Acquired Imm une  
D eficiency Syndrom es, 2, 114-124.
Tedder, T.F. & Isaacs, C.M. (1989). Isolation of cDNAs encoding the  
CD 19 an tigen  of h u m a n  an d  m ouse B lym phocytes. A new  m em ber 
of th e  im m unoglobulin  su p e rfam ily- J  Immunol, 143, 712-717.
Theilen G.H. & Madewell B.R. (1987). C hapter 16. Hem opoietic 
neop lasm s, sa rcom as an d  rela ted  conditions. In G.H. Theilen an d
313
B.R. M adewell (Eds.), Veterinary Cancer M edicine. (pp. 345-470). 
Philadelphia: Lea & Febiger.
T hom sen, K. & W antzin, G.L. (1987). Lym phom atoid papu losis . A 
follow-up s tu d y  of 30 pa tien ts . Journal o f  the American A cadem y o f  
Dermatology, 17, 632-636.
Tizard, I. (1992). Veterinary Immunology. A n  Introduction, (pp. 1- 
498). Philadelphia: S au n d ers  Com pany.
Tong, M.M., Cooke, B., & B am etson , R.S. (1992). Lym phom atoid 
g ranu lom atosis . Journal o f  the American A cadem y o f  Dermatology, 
27 , 872-876 .
Tope, W.D., F ishbein , J.D ., W hite, P.F., & Prose, N.S. (1991). Large- 
cell lym phom a presen ting  w ith a  d istinctive inflam m atory 
derm atosis . Journal o f  the American A cadem y o f  Dermatology, 25 , 
912-915 .
T roussard , X., G alateau, F., G aulard , P., Rem an, O., Henni, T., Le 
Couedic, J .P ., 8 s Leporrier, M. (1990). Lym phom atoid
g ranu lom atosis  in  a  p a tien t w ith  acu te  m yeloblastic leukem ia  in  
rem ission . Cancer, 65 , 107-111.
Trowald Wigh, G., Jo h an n isso n , A., 8 s H akansson , L. (1993). 
C anine n eu tro p h il adhesion  p ro te ins a n d  Fc-receptors in  hea lth y  
dogs a n d  dogs w ith  adhesion  pro te in  deficiency, as s tu d ied  by flow 
cytom etry. Veterinary Immunology and Imrrm nop at ho logy, 38 , 297- 
310.
T schachler, E., Schuler, G., & H utters , I. (1983). E xpression of Thy- 
1 an tig en  by m u rin e  epiderm al cells. J  Invest Dermatol, 81 , 282- 
285.
314
T uneu, A., M oreno, A., Pujol, R.M., & de M oragas, J.M . (1988). 
E osinophilic histiocytosis. A su b se t of lym phom atoid papu losis . 
Dermatologica, 176, 95-100.
Turley, H., Jo n es , M., Erber, W., Mayne, K., de Waele, M., & G atter, 
K. (1994). VS38: a  new  m onoclonal antibody for detecting p lasm a  
cell d ifferentiation  in  rou tine  sections. Journal o f  Clinical Pathology, 
47 , 418-422 .
Uno, Y., Momoi, Y., W atari, T., G oitsuka, R., Tsujim oto, H., 
S h im ada, T., Ono, K., Goto, N., & Hasegaw a, A. (1993). M alignant 
h istiocy tosis w ith m ultiple sk in  lesions in a  dog. Journal o f  
Veterinary Medical Science, 55 , 1059-1061.
Valli, V.E.O. (1993). C hap ter 2. The hem opoietic system . In K.V.F. 
Ju b b , P.C. K ennedy & N. Palm er (Eds.), Pathology o f  Domestic 
Anim als, (pp. 101-266). S an  Diego: Academic Press.
van  d er Pu tte , S.C., Toonstra, J .,  v an  Vloten, W.A., & v an  U nnik, 
J.A . (1987). A bnorm al T-lym phocytes in  lym phom atoid papu losis . A 
cytom orphological s tu d y  w ith a  reconstruction  of a  m ajor p a r t  of 
the  cell differentiation cycle. Virchows Arch B  Cell Pathol Incl Mol 
Pathol, 52 , 413-427 .
V an de Velde, H., von Hoegen, I., Luo, W., P am es, J .R ., & 
T hielem ans, K. (1991). The B-cell surface pro tein  C D 72/Lyb-2 is 
the  ligand  for CD5. Nature, 3 5 1 , 662-665.
van  Rooijen, N. (1990). Antigen processing  an d  p resen ta tio n  in  vivo: 
the  m icroenvirorm ent a s  a  crucial factor. Immunology Today, 11, 
436-439 .
V ejlsgaard, G.L. & Edelson, R.L. (1991). C u taneous T-cell 
lym phom as. In  R.E. Jo rd o n  (Ed.), Immunologic D iseases o f  the Skin. 
(pp. 553-570). C onnecticut: Appleton & Lange.
315
V onderheid , E.C., D iam ond, L.W., Lai, S.M., Au, F., & Dellavecchia, 
M.A. (1992). Lym ph node histopathologic findings in  c u ta n eo u s  T- 
cell lym phom a. A prognostic classification system  based  on 
m orphologic a sse ssm en t. A m J  Clin Pathol, 97, 121-129.
V onderheid, E.C., Tan, E., Sobel, E.L., Schw ab, E., Micaily, B., & 
Jeg aso th y , B.V. (1987). Clinical im plications of im m unologic 
pheno typ ing  in  cu tan eo u s T cell lym phom a. Journal o f  the  
A m erican A cadem y o f  Dermatology, 17, 40-52.
Voss, C., Hoffinan-Fezer, G., Schum m , M., G unther, W., Holb, 
H .J., & Thierfelder, S. (1993). Identification an d  charac teriza tion  of 
a  m o u se  m onoclonal an tibody (M10) directed against can ine (dog) 
CD8+ lym phocytes. Veterinary Immunology and Immunopathology, 
38 , 311-325 .
W aldm ann, T.A. (1989). The m u lti-su b u n it in terleukin-2  receptor. 
A nnu  R ev Biochem, 58, 875-911.
W aldm ann, T.A. (1991). The in terleukin-2  receptor. J  Biol Chem, 
2 6 6 , 2681-2684 .
W ang, H.H., Lach, L., & Kadin, M.E. (1992). Epidemiology of 
lym phom ato id  papu losis . Cancer, 70 , 2951-2957.
W am ke, R.A., Pulford, K.A.F., & Pallesen G. (1989). D iagnosis on 
m yelom onocytic a n d  m acrophage neoplasm s in  rou tinely  processed  
tis su e  b iopsies w ith  m onoclonal an tibody KP1. Am. J. Pathol., 135  
(6), 1089-1095 .
W atsky, K.L., Longley, B .J., & Dvoretzky, I. (1992). P rim ary 
c u ta n e o u s  B-cell lym phom a. D iagnosis, trea tm ent, a n d  prognosis. 
J  Dermatol Surg Oncol, 18, 951-954.
316
W egener, H.C. & Pedersen, K. (1992). V ariations in  antibiogram  
a n d  p lasm id  profiles am ong m ultiple iso lates of Staphylococcus 
interm edius  from pyoderm a in  dogs. Acta Vet Scand, 3 3 , 391-394.
W ehrm ann , W., B auer, R., F uchs, D., H ausen , A., Reibnegger, G., 
W erner, E.R., 8 5  W achter, H. (1987). Role of activated T 
lym phocytes in  m ycosis fungoides. E u r J  Clin Microbiol, 6, 210-211.
W eisenburger, D.D., Sanger, W.G., Armitage, J .O ., & Purtilo, D.T.
(1987). In term ediate  lym phocytic lym phom a: Im m unophenotypic 
an d  cytogenetic findings. Blood, 69 , 1617-1621.
W ellm an, M.L., D avenport, D .J., Morton, D., & Jaco b s , R.M. 
(1985). M alignant h istiocytosis in  four dogs. Journal o f  American  
Veterinary Medical Association, 187, 919-921.
W hitbread , T .J., B att, R.M., 8 5  G arthw aite, G. (1984). Relative 
deficiency of se rum  IgA in  the  G erm an S hepherd  Dog: A breed 
abnorm ality . Research in  Veterinary Science, 37 , 350-352 .
W hite, C .R .Jr. (1990). C hap ter 16. Predom inantly  m ononuclear cell 
g ranu lom as. In E.R. F arm er 85 A.F. Hood (Eds.), Pathology o f  the 
Skin. (pp. 219-227).C onnecticut: Appleton 8 & Lange.
W hite, S.D. 8 s Yager, J.A . (1995). R esident D endritic  Cells in  the 
Epiderm is: L angerhans Cells, M erkel Cells a n d  M elanocytes. 
Veterinary Dermatology, 6, 1-8.
W hittaker, S., Foroni, L., Luzzatto, L., Lam pert, I., Amlott, P., 
M unro, A., 8 5  Jo n es, R.R. (1988). Lym phom atoid g ranu lom atosis— 
evidence of a  clonal T-cell origin an d  an  assoc ia tion  w ith lethal 
mid line g ranulom a. Q J  Med, 68 , 645-655.
W illiams, A.F. 8 & Gagnon, J .  (1982). N euronal cell Thy-1 
glycoprotein: homology w ith  im m unoglobulin. Science, 216 , 696- 
703.
317
W illiams, A.F., Galfre, G., & M ilstein, C. (1977). Analysis of cell 
su rfaces  by xenogeneic m yelom a-hybrid antibodies: differentiation 
an tig en s of ra t  lym phocytes. Cell, 12, 663-673.
W isselink, M.A., Koeman, J.P ., v an  den  Ingh, T.S., & W illemse, A.
(1990). Investigations on the  role of flea an tigen  in  the  
pa thogenesis  of G erm an S hepherd  Dog pyoderm a. Veterinary 
Quarterly , 12, 21-28.
W itm er, M.D. & S teinm an, R.M. (1984). The anatom y of peripheral 
lym phoid organs w ith em phasis on accessory  cells: light-
m icroscopic im m unocytochem ical s tu d ies  of m ouse spleen, lym ph 
node, a n d  Peyer's pa tch . The Americal Journal o f  Anatom y, 170, 
465-481 .
W orobec-Victor, S.M. (1989). C u taneous T cell lym phom a. New  
Yersey Medicine, 86, 395-400.
Yager J.A . & Wilcock, B.P. (1994). Color A tlas and Text o f  Surgical 
Pathology o f  the Dog and Cat. (pp. 1-320). London: Mosby
Yang, W.O. (1992). Im m unohistochem ical s tu d y  on antigenic 
pheno type  of L angerhans cell h istiocytosis. Yonsei Medical Journal, 
33 , 309-319 .
Zam bello, R. & Sem enzato, G. (1991). Lym phoproliferative d iseases 
of g ra n u la r  lym phocytes. Haematologica, 76  S u p p l 3, 65-71.
